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PREFACE. 



The study of Astronomy holds very deservedly a. 
prominent place in every system of liberal education, 
and yields in importance to few, if any, of the subjects 
which usually employ the attention of the young. So 
close, indeed, is its connexion with Geography, that 
the one cannot be studied altogether independently of 
the other ; and if it be important to know something 
of the form and dimensions of the globe upon which 
we dwell, and of its various countries, inhabitants, and 
productions, it is surely of equal importance to know 
what station it holds in the great, system of the 
universe, and how it is related to those magnificent, 
orbs which so powerfully arrest our notice in the 
heavens. No branches of study are so important ia 
education, a^ those which call into exercise the poWorsi 
of observalion^ and. direct those powers to their noblest 
field of exerciae— /A« great book qf Natwei. In th^ 
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prevailing system of school educatioiiy this object is b j 
DO meaos regarded with the attention which its idiport- 
ance deserves. Learning is made too much a business 
of rote. The memory is too much cultivalmd at the 
expense of the powers of observation and reasoning, 
and the study of words is more attended to than the 
study of things* Books are the only sources of know- 
ledge to which the attention of the young is much 
directed, though certainly they are of little use ex- 
cept as they serve to stimulate or direct them to the 
exercise of their own observation. Now Astronomy > 
like every other branch of natural science, is a study 
of such kind, that though it may be greatly aided by 
books, it cannot be pursued with any success by 
means of books alone. The heavens and the heavenly 
bodies themselves must be observed with assiduity 
and care, and what is learnt from books must be veri- 
fied by the evidence of sense, or the study will be 
found not only destitute of interest or benefit, but 
wholly incomprehensible in many of its most import- 
ant parts. Too often, indeed, the attempt is made to 
teach Astronomy as if it were a science that could be 
learnt sufficiently in the school-room or the closet, 
and the iU«>fated learner is doomed to task his memory 
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with a number of strange and difficult terniis^ to which 
he can attach no clear ideas, or led through a dull 
routine of problems on the globes, which he learns to 
perform aacording to the directions giv^en, without at 
all understanding the principles upon which they are 
founded. Numerous as are the treatises on this im- 
portant branch of education, few of them are written 
according to that method of analysis which alone is 
calculated to. render the subject interesting and intelli- 
gible. Instead of leading the learner on by degrees 
from what is easy to what is difficult; instead of 
directing his attention in the first instance to actual 
appearances, and placing him in the situation of the 
first observers of the heavens, — they launch at once 
into the grand discoveries of modern Astronomy, 
which he is not as yet prepared to appreciate, or 
enter into a miscellaneous series of dry definitions, 
which can only serve to disgust and repel. It was 
from observing these defects in the common element- 
ary treatises on Astronomy, that the Author, who is 
engaged in the business of private tuition, was led to 
draw up for the use of his pupils a treatise more ac- 
cordant with his own ideas. This work he used for 
tome time in manuscript, but* finding occasion for a 
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greater muiiber of copies thao he could thus conre^^ 
Diently obtaio, he had recourse to the press, wluch 
naturally led to the thought of publication. He Yen* 
tmes, accordingly, to publish his little work, which 
lays claim to no other merit than that of simplifying' 
and reducing to the capacity of the young a highiy^ 
interesting and important subject, in the hope tfaat it 
may meet the views and wishes of others who are 
engaged in the same pursuits, and who have felt thc' 
same want of a suitable help to their instructions. 



Alfred St&bbt, Litbrpooi^ 
Juwy 1828. 
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INTRODUCTION. 



OF THE OBJECT AND USE OF ASTRONOMY. 

Astronomy is that science which treats of. the hea- 
venly bodies, describing their motions, explaining 
their appearances, and ascertaining their magnitudes, 
distances, and relative situation. The name is derived 
from two Greek words, otfrrpov and yo/M^, which sig- 
nify the law of the heavenly bodies. 

In point both of interest and usefulness. Astronomy 
may fairly challenge competition with any of the 
sciences. It is interesting from the very grandeur of 
thet objects to which it relates, and from the sublime 
views which it unfolds of the vastness and magnificence 
of the universe. And even if it served no other pur- 
pose than the gratification of a liberal curiosity, it 
would on this ground alone well deserve our attention ; 
for what person, imbued with the smallest love of 
knowledge, and worthy of the title of a rational being, 
can willingly remain in ignorance of the causes which 
operate in producing those grand changes and move- 
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ments of nature, so important to the welfare of the 
human race — ^the alternations of day and night, and 
the beautiful and grateful succession of the seasons ? 
Who can regard with unadmiring and uninquimtive 
TiQw the sublime spectacle of the nocturnal heavens ; 
the devious courses of the planets ; the changeful as- 
pect of the moon ; or the insufferable splendour of the 
orb of day, — 

" Best image here below 
Of its Creator, ever pouring wide. 
From world to world, the vital ocean round ?" 

Dull indeed must that mind be, and dead to all the 
charms oi knowledge, which does not burn with eager 
curiosity to learn whatever may be known respecting 
these great objects* If, however, purposes of more 
substantial utility be sought for. Astronomy is by no 
means wanting in this recommendation ; for it has ma- 
terially contributed to the improvement of some of the 
most important arts of life, aud has a close connexion 
with many unquestionably useful branches of know- 
ledge. By its aid the navigator directs his course 
through the trackless ocean, and commerce, thus ex- 
tended to the remo.test regions of the globe, enriches 
us with the productions of every clime, and forms a 
bond of alliance, to their mutual advantage, between 
nations which would otherwise have been ignorant of 
each other's existence. By its assistance the earth 
has been measured, and the geographer is furnished 
^ith an unerring method of ascertaining the exact 
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situation and extent of the countries which he deli- 
neates or describes. It furnishes the only certain and 
invariable standard for the computation of time, and 
history is indebted to it for the recovery of many im- 
portant dates, which the imperfect annals of remote 
antiquity had left uncertain. Nor should it be for- 
gotten, that the light of Astronomy has utterly dis- 
pelled those groundless terrors which the more extra- 
ordinary phaenomena of the heavens were formerly 
wont to inspire ; and comets and eclipses are now no 
longer looked upon, except among barbarous and un- 
enlightened nations, as tokens of divine anger, gr har- 
bingers of war and pestilence. The same cause has 
also contributed to bring into deserved discredit that 
vain science which pretended to read the destinies of 
man in the aspects of the planets. But of all the uses 
and advantages of Astronomy, the highest and most 
important, and that which strongly recommends it to 
the attention of all without exception, consists in the 
striking evidence which it affords of the existence and 
perfections of the Great Supreme. The grand specta- 
cle of the heavens has ever been considered as pre- 
senting the most powerful impulse to rationed devotion, 
and the most striking lesson of natural religion. It is 
here that we discover the highest wonders of creation, 
and observe the clearest display of that admirable or- 
der and contrivance which so plainly evince the super- 
intendence of a great designing Cause. ** The heavens,*' 
said the Psalmist, '' declare the glory of God, and the 
firmament showeth his handy-work:" and who that 

a2 
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has once held conyerse with the skies, but will feel 
the full truth and force of the pious sentiment ? So 
clear, indeed, is the evidence which this science af- 
fords of the existence and attributes of God, and so 
just and enlarged the ideas which it suggests of his 
character, that I can hardly consider it as any exag- 
geration to assert, in the words of the poet, that 

<' An undevout Astronomer is mad/' 

Yaung^s Night Thoughts. 



* 
* 
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CHAPTER I. 

DESCRIPTION OF THE MORE OBVIOUS APPEARANCES. 

OF THE HEAVENS. 

The first step in the study of Astronomy is to ob- 
serve the general aspect and more obvious appearances 
of the heavens, and then to consider how these ap- 
pearances may be accounted for. The student of this 
science, instead of entering at once into those grand 
views of the structure of the universe which have been 
unfolded by modem discoveries, should endeavour to 
place himself, as much as possible, in the situation of 
the first observers of the heavens, and consider what 
facts they had upon which to reason, and what it was 
that they ascertained or conjectured. 

On turning our attention to the heavens, we find 
ourselves placed in the centre of what appears a vast 
dome or concave, bending over a plane of unlimited 
extent. By night this dome or concave appears beau- 
tifully studded with countless specks of light, and 
though they disappear at the approach of the great 
luminary of day, yet from their gradual disappearance 
and gradual reappearance, it is readily and naturally 
inferred that they would be always visible, were it not 
for the brighter splendour which overpowers their 
feeble ray. Nor is it much less obvious, after a little 

A3 
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obseryatioDy that this coDcave frame of stars extendi 
beneath us as well as above us ; for it seems to revolve 
like a wheel upon its axis, and presents successive 
portions of its surface to our view. Observing this re- 
volution more attentively, we find a remarkable differ- 
ence in the motions of the stars according to the direc- 
tion in which we look. Looking in one direction, to- 
wards the south, we observe some stars which just 
make their appearance above the horizon, attain a 
very small elevation, and then descend, and shortiy 
disappear. A littie further froin the south, we find the 
stars describing a larger arc, and appearing for a longer 
period. But on turning our view to the nortii, we ob- 
serve stars which are constantiy visible'in the absence 
of the sun, performing their circuits entirely aboveiiie 
horizon, in circles one within another, till we arrive iat 
a star which, being itself stationary, is the centre of 
the revolutions of all the* rest. This remarkable star 
must doubtless have attracted at a very early period 
the notice of mankind, and the discovery of it may be 
considered as the first step in the science of Astro- 
nomy.* It is noti strictly speaking, motionless ; for 
it describes a very small circle round a point not mark- 
ed exactly by any star. This point, the exact centre 
of the celestial motions, is called the Pole^ and the 
star which nearly marks its situation, is called the 
Pole-itar. 

* The Phoenicians are said to have used this star as a guide to 
direct their course at sea. — See Bossut's History of Mathematics, 
by Bonnycastle- «- ^O ; Rutherford's Ancient History, vol. i. p. 162. 
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By observations made in travelling northward or 
southward, it is soon found that the pole is more or 
less elevated according to the part of the earth from 
which it is viewed. Thus, in the north of Scotland it 
appears considerably higher than at London'; and in 
Lapland it is almost overhead. We see it more ele- 
vated than the inhabitants of Spain ; and they see it 
more elevated than the inhabitants of Batbary. If we 
travelled continually southwatds^; we ' should see the 
pole-star gra^dualty sinking lower and lower, and at 
length disappearing below the horizon. Bnt^hen ano- 
ther motionless point or pole would be discovered in 
the opposite direction, (thoujgh not distinguished by 
any remarkable star,) and another hemisphere of stars 
would appear performing in like manner their circuits 
round it. 

The general appearance, therefore, of the starry 
heavens, is that of a vast concave sphere turning round 
two fixed points diametrically opposite to one another, 
which points are called the Poles of the heavens, and 
distinguished by the names of North and South, It 
is represented by the artificial Celestial Globe, with 
which the learner should here be made acquainted. 
It is a sphere revolving on an axis, and containing on 
its surface a map or plan of the stars, according to 
their true relative situation ; but differing from the real 
sphere of the heavens in this respect, that it represents 
the stars on a convex surface, which we look upon ex- 
tetnally, whereas we are placed within the real sphere, 
and view the stars on its apparent concave surface. The 
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learner has only to imagine the celestial globe consid- 
erably enlarged in its dimensions, and made transpa- 
rent, and to suppose his eye placed in the centre look- 
ing upwards ; he will then have in idea an exact fac- 
simile of the starry heavens. The wooden circle 
which surrounds the globe represents the Hmizon,* 
which bounds our view of the heavens* That part of 
the globe which is above the circle represents tpe vUi- 
hie hemisphere ; that part which is below, the mdiible 
hemiMphere, The central point of the former, or that 
point in the real heavens which is immediately above 
the head of the observer, is called the Zenith. The 
point directly opposite tot^ this in the invisible hemi- 
sphere, is called the Nadir. If the pole of the globe 
be elevated in the same proportion as the real pole of 
the heavens in the place where the observer is situated, 
it will then represent exactly that aspect of the heavens 
which is there presented to him. And if die globe be 
made to revolve from the side marked East, towards 
that marked West, it will represent the motion of the 
celestial sphere. 

The learner will observe that the surface of the ce- 
lestial globe is covered with a variety of figures of 
men, women, animals, and other objects. This is a 
contrivance invented in very early times, for facilitat- 
ing the knowledge of the stars. The author, time, 
and^place of this invention, are lost in the darkness of 

^ This word it derived from the Greek verb ^^i^w, which signifies 
to honmd or UmiU, 
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antiquity ; but there is little doubt that it first arose 
from the fancied resemblance of certain groups of stars 
to the figures from which they have derived their 
names. In the finfe climate of Chaldsea, where Astro- 
nomy was probably first cultirated, and among pasto- 
ral tribes who had often no other roof above them than 
the canopy of heaven^ we may well suppose it was a 
common and favourite employment to gaze on the 
cloudless firmament, and to exercise their fancy and 
ingenuity in tracing these resemblances, some of which 
are sufficiently obvious. Some knowledge of these 
groups or constellations is indispensable to the student 
of Astronomy, but is only to be acquired by a careful 
observation of the heavens themselves, assisted either 
by a teacher or by a celestial globe. The more re- 
markable constellations, and those which the student 
.will most easily discover, are Ursa Major, Ursa Minor, 
which includes the polar star, Orion, Taurus, including 
the two remarkable groups called the Hyades and the 
Pleiades, Gemini, Leo, Auriga, Bootes, Corona Bo- 
realis, Cassiopeia, &c. 

Besides being distributed into constellations^ the 
stars are further distinguished according to their dif- 
ferent size or brilliance, there being seven magnitudes 
denoted on the celestial globe by their respective fig- 
ures. Most of the stars of tiie first magnitude, toge- 
ther with some of the second, have received particular 
names, and with the names and situation of these, the 
student should by all means render himself familiar. 
The other stars are distinguished on the globe by the 
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letters of the Greek alphal»ety wkiell are caHed Bayer's 
eliaraetersy from the pbilosoplier who first employed 
them. Their use is to designate particular stars, the 
same of the constellation pointing oat the region of the 
sphere where any star is situated, and the letter speci- 
fying what particular star of that constellation is re- 
ferred to ; as a ArieHs, y Dracoms, p LyrtB^ 
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CONTArNINO DBFIMinONS OP SOME OF THE MOAB 
REMARKABLE POTKTS AND CIRCIES OF THE CELES- 
TIAL SPHERE. 

The celestial glol^ besidev presenting this general 
plan of the stars, has marked upon it several points 
and circles, the use of whioli I now proceed to ex- 
plain. 

From observiag the manner in which the heavenly 
sphere revotyes, noihtng was more natural and obyioos 
than to notice those four remarkable pcmi^ts on the 
horizon, which are called the Car^thud Pomta, The 
direction of the poles having first pottited out the 
North and South points of the horizon, it was natural 
to distinguish the two intermediate points, the one on 
that side of the horizon from which die motion of the 
heavens proceeds, called the East; the other on that 
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side towards which the motion proceeds, Called the 
WesU The accuracy of modern science has led to 
more minute subdivisions, which may easily be learned 
by inspecting. the wooden horizon of the globe, or a 
mariner's compass. 

The same observation of the position and revolution 
of the heavens, suggests not less naturally the imi^n- 
ary division of the sphere by two great circles passing 
through the cardinal points, and crossing each other at 
right angles. These imaginary circles are the Equator 
and the Meridian. 

The ' E^juatoTf or Equmoetial, is a circle drawn 
through the east and west points, parallel with the 
circuits of the stars, and every where equidistant from 
the poles. It divides the sphere into two equal parts, 
which are distinguished by the names of the Northern 
Hemisphere, and the Southern Hemisphere. This 
was the first great circle which the ancient astronomers 
imagined, and by means of which they pointed out the 
places of the stars. 

The Meridian is a circle drawn at right angles to 
the former, connecting the north and south points, and 
pitssing through the Zenith. It divides the heavenly 
sphere into the Eastern Hemisphere and the Western 
Hemisphere. It likewise intersects the circuits of the 
stars exactly in the middle point, so that when any 
star is upon the meridian, it is then equally distant 
from its rising and its setting point, and has attained 
its -greatest elevation. It is then said to culminaie, 
from the Latin word culmait the top. In the same 
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flumser the wk£% daOj come k eqaaHy dMded bj 
the meridiaoy so tint he is always vpoa diis line at 
nooB-day* Hence the name MeridGaii, from MeridieB, 
the Latin word for HOOD. It is represented on the ar- 
tificial g^obe by the brazen circle in which the globe 
is hnng. A straight line drawn upon a horizontal 
plane in the direction of the meridian, or pointing 
north and south, is called a meridiMi Ume; and since 
it is indispensable as the basis of all astronomical ob- 
servations, and often necessary even for some of the 
common purposes of life, to ascertain this line with 
accuracy, I shall here subjoin the method of doing it. 

PROBLEM. 

To draw a Meridian Line upon a Horizontal Planet 
and to determine the four Cardinal Points, 

Describe several concentric circles on a horizontal 
plane, and in the centre fix a straight wire exactly per- 
pendicular to the plane. Watch the shadow of the 
wire in the forenoon, and mark when its extremity 
touches any one of the circles. Then wait till the 
afternoon, and mark when the extremity of the sha- 
dow again touches the same circle. Bisect the arc of 
the circle contained between these two points, and a 
line drawn from the point of bisection to the centre of 
the circle will be the meridian line required. For the 
two shadows being of equal length, proves Ihat the 
sun had the same altitude at the two periods when the 
marks were made ; and as the sun's altitude uniformly 
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iBCFeases till he comes to the meriiliaDy and unfformlj 
deor^ses afterwards, it follows, that M thosp two 
periods he was exactly aA 4he same distance from the 
meridian, though on different sides, and theit thife mtt^ 
ridian must lie exactly midway between the sun's place 
eastward in the morning wil^^n the first mark was 
made, and the sun's place westward in the afternoon, 
when the second mark was made. It is scarcely 
necessary to add,«1l>aft ifa4kie be drawn at right angles 
across the meridian thus found, that line will point 
due east and west, and ihus fhe four cardinal points 
will be ascertained. 

Whether this method of finding the meridian was 
^he method practised by the earliest astronomers, it is 
impossible <to say, as we have noTooords'to informus. 
But that «ome method^ .^oihg^k with ^lCcurapywas 
known at a very early period to She Egyptians, as 
proved by She fact .that tb6 pyidaMids are built with 
•their four sides facing^tbe four cardinal poiiits. 

The bbrison, the equator, and the ioeridtan,are each 
dii^ided Htfto 360 equri parts, called ^degrees, for the 
purpose of more accurately -staling su<ih parts of the^m 
as we have occasion to mention. £li story -does not 
inform us by whom or on what grounds this particular 
'division' was adopted; but the fdHowing is the most 
•probcthle explanation : ** The month, at fii^, was Sup- 
|>osed 'to be Wished in^^liiirty days ; and af^rwards, 
.when- the motions of -the -moon eame to be compared 
with and adjusted to the motion of the sun, twelve of 
these were thought toconrespond^xactly with the sun's 
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annual course ; and therefore, since 30 x 12 =z 360, 
this, probably, became the reason why 360 degrees, 
or parts, were made the common measure of all circles 
in general."* 



CHAPTER III. 



OF ALTITUDE, AZIMUTH, AND AMPLITUDE. 

Having already had occasion to speak of the alti- 
tude of the pole, and the altitude of the sun, and the 
distance of the sun from the meridian, it becomes ne- 
cessary to explain more fully the manner in which these 
distances are estimated and ascertained. 

The Altitude of a heavenly body is its distance from 
the nearest point of the horizon, which nearest point 
is ascertained by a perpendicular from the heavenly 
body to the horizon. If this perpendicular be extended 
upwards, it will necessarily pass through the zenith; 
and being extended round the sphere, it will form what 
is called a Vertical Circle. The meridian is the only 
one of these circles represented on the artificial sphere, 
but they may be imagined to be drawn to any point of 
the horizon ; and the instrument called the Quadrant 
of Altitude, when fixed to the zenith of the globe, 

* CostArd's History of Astronomy, p. 44, 
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wiU represent 'any vertical circle whatsoever. On 
these imaginary circles altitudes are estimated; and 
for this purpose that portion of them which extends 
from the horizon to the zenith, being a quarter of the 
whole circle, is divided into 90 equal parts or degrees, 
that number being a fourth part of 360: The following 
is the simplest method of ascertaining the altitude of 
a heavenly body. 

PROBLEM, . 

To ascertain the Altitude of a Heavenly Body, 

The instrument O AC (Fig. 1.) is a quadrant or quar- 
ter of a circle, having its arc AG divided into 90 de- 
grees counted from A to C, and a [ilumb line OP 
suspended from the centre. The edge of the quadrant 
CO, (which is furnished vnth sights,) being directed 
to the heavenly body S, the plumb line will indicate 
its altitude on the arc AC, for the angle of altitude 
SOH is equal t6 its vertical angle ROC ; and as AOC 
and POR are equal, being right angles, if the com- 
mon paft POC be taken away, the remainders AOP 
and COR will be equal ; consequently AOP is always 
equal to the angle of altitude SOH. 

The Azimuth of a heavenly body is its distance from 
the meridian. This distance is ascertained by observ- 
ing how many degrees of the horizon are contained 
between a vertical circle passing through the heavenly 
body and the north or south point. The wooden hori- 
zon of the artificial sphere is graduated for this purpose 

b2 
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ffdm the-nortfi ^md fl^uth pfoint^ towafck.Uie e^»t and 
west points,. 

The Ampiiiud$i^,$ixkf heayealj bedy is its distance 
from tbe east poiiil ipken^ rising* or |iKM» tbe wesi when 
settings Degrees of an^iHtMde als0 ajre m arke d in a 
distinct circle on< tbe hori^Bpnr of the .celestial gM>^» ^ 
nuBibef s' eonimen<^ing at the east and weat points* But 
in the real heavens both azimuth and ampHfr^de can 
only be ascertained by means of an instrument of a 
more complex construdioiilhitti that already described. 

Haying now taken a general survey of some of the 
more obvious appearances of the heavens, and noticed 
certain points and^eird^s irhieh are- fewid useful by 
astronomers in descril|ing>.th9 sitoatioa of the heavenly 
bodies ; before proceeding^to sti^ other more particular 
appearaneeiy we may )iere entor up<m some iii<|uiries, 
for which the fact^ already mentioned sufficiently pre* 
pare us. The first of these inqairies relates to the 
figure and magnitude of the earth; the next to the 
cause of the apparent revolution of the heavens. 
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CHAPTER IV. 

OP THE FIGURE AND MAGNITUDE OF THE EARTH. 

To all appearance the earth is a vast plain, extended 
without limit on every side ; and such was very natu- 
rally the idea universally entertained respecting it by 
mankind in the earliest ages ; and which prevails even 
at the present day among the ignorant and barbarous 
portion of mankind.* We cannot with certainty de- 
termine when or by whom it was discovered that the 
earth is spherical ; but we are informed that this doc- 
trine was taught by Anaximander, who flourished about 
650 years before Christ ;t and if it be true, as Hero- 
dotus relates, that Thales, the friend and preceptor of 

• ** Before this system" (the system of concentric spheres) ** was 
taught in the world, the earth was regarded as, what it appears to 
the eye, a vast, rough, and irregular plane, the basis and founda- 
tion of the universe, surrounded on all sides by the ocean, and 
whose roots extended themselves through the whole of that infinite 
depth which is below it. The sky was considered as a solid hemi- 
sphere, which covered the earth, and united with the ocean at the 
extremity of the horizon. The sun, the moon, and all the heavenly 
bodies rose out of the eastern, climbed up the convex side of the 
heavens, and descended again into the western ocean, and from 
thence, by some subterraneous passages, returned to their first 
chambers in the east." — Smith's History of Astronomy, in his Phi- 
losophical Essays, p. 32. 

f See the lifie of Anaximander, by Diogenes Laertius. 

b3 
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Anaximander, predicted eclipses, the doctrine cannot 
have been unknov^n to him. The appearances, indeed, 
presented by the heavens are so inexplicable on the 
supposition of the earth being a plane, that its true 
form was probably conjectured by astronomers before 
the time of Thales, (A. C. 600.) If the earth were a 
plane, its inhabitants, wherever situated upon its sur- 
face, would have the same view of the celestial con- 
cave, and it would be impossible, by travelling ever so 
far in any direction, to alter our horizon. The sun 
also would rise^ set, and come to the meridian at the 
same instant to all places of the earth. This, however, 
is contrary to fact; for by travelling northward or 
southward, the pole star, as we have observed, is 
elevated or depressed ; and by travelling eastward or 
westward, the time of day is altered. When it is noon 
here, it is one o'clock to places situated a certain dis- 
tance eastward of us ; and eleven o'clock to places 
situated at the same distance westward. These facts 
alone are sufficient to prove that the earth is spherical, 
for it is only on that supposition that they can be ex- 
plained. For let HZON, (Fig. 2.) represent the ap- 
parent sphere of the heavens, and, according to the 
first ideas of mankind, let AB be the supposed plane 
of the earth, situated in the midst of the concave, and 
surrounded by an immense ocean. It is evident that 
a spectator placed in any part of the plane AB can 
have no other horizon than HO, and see no other part 
of the celestial sphere than what is above that plane. 
Let A and B be two spectators situated north and south 
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of each other, the pole P must appear to them equally 
elevated. Or if they be supposed to be situated east 
and west of each other, the sun revolving in the circle 
HZON would at the same instant make its appearance 
to both at H, be on the meridian to both at Z, and set 
to both at O. But let the earth be supposed spherical, 
as represented in Fig. 3, and then it will be evident that 
a spectator at A will have the horizon BG, and view 
the part BDC of the celestial sphere ; while another 
spectator at £ will have DF for his horizon, and DCF 
for his visible hemisphere. Supposing D to be the 
pole of the heavens, the spectator E will scarcely see 
it,^ because it will be just on the verge of his horizon ; 
but if he travel towards A, that is, northwards, his 
view will extend further aad further beyond the point 
D, and the pole will consequently appear to rise higher 
and higher above his horizon ; and if he could reach 
the point A, he would see the pole directly above his 
head. Supposing, agaiuj^ that the circle BDCF re- 
present, not the meridian, but the sun*s apparent diur- 
nal course, and that the spectators A and £ are situ- 
ated east and west of one another : the sun being at 
D will appear on the meridian to the spectator A, when 
it will be only rising to the spectator £. At C it will 
be setting to A, and on the meridian to £. At F it 
will be setting to £ at the time which A calls midnight, 
and at B it will be rising to A at the time which C 
calls midnight. This alone is a sufficient proof that 
the figure of the earth is spherical ; but the following 
facts may be mentioned in confirmation of the argument. 
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Several navigators hare sailed round the globe. The 
first person who made this attempt was Magellan, who 
sailed from Seville, in Spain, on the 10th of August, 
1619. He did not himself live to complete the under- 
taking, having unfortunately been slain in a skirmish 
with the natives of one of the Philippine islands, where 
he had touched ; but his crew-continued their voyage in 
a westerly direction, and arrived in Spain in September, 
1522. The circumnavigation of the globe has been 
since performed by Sir F. Drake, Lord Anson, Gap- 
tain Cook, and others. 

The roundness of the earth is sometimes evident even 
to the senses ; for the tops of mountains are often seen 
far off at sea, when their bases and the neighbouring 
shores are hidden by the intervening convexity.* 



* A remarkable instance of this is related in the following ex- 
tract from Captain Basil Hall*s Journal : " On the 9th of June we 
sailed from Arica, and steered along shore to the north-west. In 
the evening of that day we had a fine view of the Cordillera, or 
highest ridgie of the mountains, not less than 80 or 100 miles off. 
It was only when the ship was at a considerable distance from the 
shore that the higher Andes came in sight ; for when near to it, 
the lower ranges, themselves of great height, intercepted the remote 
view ; but when we stretched off 30 or 40 miles, these intermediate 
ridges sunk into insignificance, while the chain of snowy peaks rose 
in great magnificence behind them. It sometimes even happened, 
that the lower ranges, which had entirely obstructed the view of the 
Cordillera when viewed at no great distance from the coast, were 
actually sunk below the horizon by the curvature of the earth, when 
the distant ridges were still distinctly in sight, and more magnifi- 
cent than ever." — Captain Basil HalPs Journal, vol. i. p. 196. 



..And, Jbntlyy^Birediipsttiof tW vMO&a^ #lHch, as will 
iMreafter appear, aire eaiised by^ di«i mooa'i eifteriiig 
into the earthy alwfc&ow^ tfaafeabadow Is alwayt citeth 
Iar«. aod .tiKfefore tlike bodyivbich caste i* mast be a 
•pfaare. 

The iUknta. obsenFationa wbicb suggetfted tbe true 
figwtp 0f ^iLei e^rlb, viwAA idaoiauggeat a wefcbod of 
aacQi^tamitig .Ha Mk i far thaagb H ia abdooaly iofipea^ 
aiUe I0i«»att»fi£4.tfu^vbote cif cmirfefeBaey jel tke meap 
aareliiaiH.(|f fi[.aiiHiBparti(ni of die ciaeamliereiice will 
e()ufilty. wdlaoaw^ tkepinpoae^ provided it be koowa 
how f^ftea that portipii 'm cotttaiaed m the whdfe» Sop- 
posiag^ for iaataacer the cicciimfefeace of the earth 
4if i4ed»iike Jtbat of the teayeas,. into 860 eqaal parta, 
or degreea, aad that we coald aacactam the length of 
one of these hi . Eaf^^h miles ; that length being multi- 
plied by 96% woftild gire.tbe dkaenskNui of tbe whole 
circfN|if0fe.9ce. Now* the leaglii of a degree is easily 
tutcertaiufd^ by ia<Brely oba^virlg that change which 
takes plaeei.ja thQ position of the hearens, whenev^er 
we.tranr^lnarttwftrds.pr southwards, I ineasure^ for 
iliata^ee, the,allitude of Jlhe^pole at tbe place where I 
reside ; I tkea trati^l northward, continuing my obser- 
vatipns^ until I find thpt it» altitude ia increased one 
depee 3 and hj this I know tbftt 1 hav6 traversed one 
degree, or l-360tb part pf the earth's drcumference. 
This distance being meaaured will enable me to ascer- 
tain by an easy calculation the entire circumference. 
The first recorded attempt of this kind was made by a 
Greek philosopher, of the name of Eratosthenes, who 
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flourished 230 years before the Christian era. Being 
informed that, at the city of Syene in Upper Egypt, the 
sun, at the time of the summer solstice, was vertical, 
so as to illumine the bottom of a deep perpendicular 
well, he carefully ascertained its altitude at the same 
season at Alexandria in Lower Egypt,' and found it to 
be I-50th of the whole circumference, or 7t degrees, 
less, llenee he inferred, that the distance between Alex- 
andria and Syene was l-50th of the whole circumference 
of the earth. On measuring this distance, it was found 
to be 5000 stadia, which gave 250,000 stadia for the 
length of the entire circumference. Our pi^certainty 
respecting the precise length of the measure which he 
employed, renders ^ it impossible to determine the -ac- 
curacy of this estimate. Several attempts of a similar 
Idnd were made by succeeding astronomers ; but the 
first person who solved this problem satisfactorily, was 
oiir countryman, Mr. Richard Norwood, (A. D. 1635,) 
who, by measuring the distance between York and 
London, which he estimated to contain about 2^ de- 
grees, found ihe length of one degree to be 69-| Eng- 
lish miles. This being multiplied by 360, gives 25,020 
miles for the entire circumference of the earth. . Later 
and more accurate measurements, however, have 
shown that Norwood's estimate of the length of a 
degpree somewhat exceeds the truth, and the circum- 
ference of the earth, according to the most approved 
estimate, is now reduced to 24,855 miles ; whence the 
diameter is found, by an easy calculation, to be about 
7911 miles. 
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Before leaving this subject, it is proper to observe, 
that when we say the earth is spherical, the assertion 
must not be understood in the strictest sense ; for, from 
the accurate observations of modern astronomers, it 
has been found t(» be not a perfect sphere, but a 
spheroid, that is, somewhat of the shape of an orange, 
though not differing in the same degree from a perfect 
sphere. This fact was fir^t suggested to Sir Isaac 
Newton, by observations made on pendulums, which 
being fitted to beat seconds in the latitudes of Paris 
and London, were found to move slower as they ap-* 
proached the equator ;'. which could onlyvbe owing, 
he thought, to their being further removed from the 
centre of the earth, and consequently acted upon by a 
smaller power of attraction, at the equator than nearer 
the poles. This opinion was confirmed by an experi- 
ment made under the auspices of Louis XIV. . king of 
France, in the year 1735, when two companies of 
astronomers were sent from France to measure arcs of 
the meridian in different parts of the world, and it was 
found that the degree measured by one company in 
Lapland within the polar circle, was somewhat larger 
than that measured by the other company under the 
equator in South America.* This proved the truth of 
Sir I. Newton's conjecture that the earth ^s flattened 
at the poles. For a degree being a 360th part of a 
circle, it is evident that the absolute length of a degree 
will be in proportion to the dimensions of the circle of 

• The diflerence was found to be 669 toises, equal to 1426 yards. 
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wbicb it is a part, aad that the larger the 4Mid», the 
longer will be the degree. In the saoie circle every 
dc^i^e is of the same length; but in «i ellipse, auch 
as a meridian must be^ if the earlii be a spfaennd^ tise 
length of a degree .must vary acoordiag to the diffeieirt 
curvature of .the parls 'where k is takeo. F6r«letilhe 
ellipse N£SQ repfesent a nieridian oi Ab earth, N 
and 6 beii^ the poles, and £Q die equator. It is 
evident^ thes, ihat die fiart AB about the equator, 
and the part dD about the fiole, ha^e difereat'.dc^ees 
of curvature, and may be iconsidered >as pofttohs of 
different ^Cridbas. The part AB abpnt ^be ^quator^ 
may be considered as a puMrtion of the simdl ^drde 
ABF« while the part <>B about the pole is k paalt tof 
the large oiicle CDCL A -degree,- therefore, "in .'die 
part CD, must be longer than ia^degree iatthe^pait 
A B, agreeably to what is -found tube die fact Vba 
earth is, dj^efore, a S[plierQid.r It Is found, 3iowevec, 
by 'Calculation, Ahat :the equalonial diameter exceeds 
the polar only by sbont SjI /miles.* This ^diffiBrence i* 
so vevy inconsiderable tuunpn-ed-witSi ihe whole tdia*> 
meter of the earth, ^thaC 'lib mktenal error /can* arise 
fnom overlooking it altogether* An ravtiiiciffl globe 
representing <in just :pit)p6tttoo the' tsne^fignretdf dm 
earth, would »not peifeeptibly (fi&r from a perfect 
sphere. 

* S«e Malte Brun's G«ograpl\y, vol. i, p. 58, ^9. 
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CHAPTER V. 

OF THE DIURNAL MOTION OF THE EARTH. 

That the earth is fixed immovably in the centre 
of the universe, and that all the heavenly bodies re- 
volve round it in 24 hours, seems to be so plainly the 
information of the senses, that it continued for a long' 
time the universal belief, even after the doctrine of the 
earth's spherical figure had become fully established 
and generally acknowledged. History does not in- 
form us who first advanced the bold doctrine of the 
earth's motion ;* but when astronomers had begun to 
entertain more just ideas of the superior magnitude of 
the sun, and the immense distance of the fixed stars, 
it seemed evidently unreasonable to suppose that bo- 
dies so vast and so distant should be whirled so rapidly 
round this comparatively minute globe, when the same 
appearances may be so easily explained by ascribing 
this diurnal motion to the earth itself. The sun is 
now known to be a million times larger than the earth, 
and its distance being 95,000,000 miles, if it revolve 
round the earth in 24 hours, it must move at the pro- 

* Cicero informs us that this doctrine was maintained by one 
Hicetas, or Nicetas, of Syracuse, of whom nothing more is known. 
And some, he adds, think that Plato, in his Timaeus, asserts the 
same, though in more obscure terms.— Vide Academ. Question. 
lib. iv. cap. 39. 

C 
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digious rate of more than 400,000 miles a minute. 
What, then, must be the rapidity, on this supposition, 
of the fixed stars, whose remoteness from us is beyond 
all calculation ! The revolution, in fact, of a larger 
round a smaller body^ is coMtmry to the known laws 
of matter and motic^n ; for no body in nature can act 
upon another, withowt being itself acted vpon by a 
force proportioned to the quantity of malter coBtanied 
in that other; and consequently any two bodies being 
placed in free space within each other's influence, 
however different in nrastf or weight, arast bdth revolve 
round their eamm(m tenire of ffremittf, the distance of 
which from the two bodies ift necessarily in the in*- 
verse proportion of then* weights. To render this 
familiar, let us suppose that we have two balls of the 
same materials, connected together by a straight rod 
or wire. If the balls be of equal weighty they may 
evidently be suspended in a horizontal position by a 
litrmg fastened exactly in the middle of the rod, which 
is the balancing point or centre of gravity ; and if in 
in this situation one of th^n receive an impulse, they 
will both revolve in the same circle round that point. 
But if they be of unequal weight, this balancing point 
or centre of gravity, by which they may be thvs sos* 
pended and whirled, will be nearer to the heavier 
ball, and just as much nearer as that heavier ball ex- 
ceeds the lighter in weight. Being suspended from 
that point, and set in motion, they will both revolve 
round it, but in unequal circles, the circles being in- 
versely as the weights. This simple experiment ex* 
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acdy represenU the l*w vhiofa f ovems the revolution 
of the heAvenly hodies ; and hence it may be undor* 
stood thai it is physically impoastfaAe for a larger body 
to revoWe round a smaller, vrhich is statiooaiy. On 
these grounds it is now universally admitted that the 
diurnal revolutioo x>f die heavens is only an apparent 
motion^ produced by the real revolution of the earth 
in the contrary direction. 

If it be asked, '^ why are we insensible of this mo- 
tion ?** — a variety of similar facts, with which every 
one is familiar, may be appealed to; such as the ap- 
parent motion of objects on the road-side to a person 
travellkig swiftly in a dose carriage, or of the banks 
of a river as seen from the cabin of a vessel sailing 
along it The situation of an aeronaut in his balloon, 
who fs quite insensible of his rapid motioa, preseiits 
a still more exact parallel. 

. In a Dumner equally easy may another objection be 
removed, which was once urged with great confidence 
against the doctrine of the earth's motion. It was 
contended that, if the earth moved eastward on its 
axis, an arrow shot directly upwards would not fall, 
as it does, in the same place, but coasiderably to die 
west, the earth, daring its flight, having moved from 
under it towards the east. But this objection is 
founded in ignorance of the laws of moving forces ; 
for it is well known that, if a body be projected from 
another body in motion, it will not move exactly in 
the dirtiction of the projecting force, but, while acted 
upon by that force, will partake also of its previous 

c2 
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motion. Thus a person leaping from a carriage in 
rapid motion ^ finds himself ^ when he reaches the 
ground, thrown forward violently in the direction in 
which he was going; and a stone dropped from the 
top of a mast, while the ship is under sail, falls not 
nearer the stern, but exactly at the foot of the mast. 



CHAPTER VI. 

OF THE TERRESTRIAL GLOBE, AND OF LATITUDE AND 

LONGITUDE. 

The doctrine of the earth's spherical figure and 
diurnal rotation being established, the learner may 
now be introduced with advantage to the knowledge 
of the Terrestrial Globe, which must be considered 
first in its relations with the Celestial. For this pur- 
pose let the former be imagined as diminished to a 
point, and placed within the latter exactly in the cen- 
tre. As the apparent rotation of the celestial sphere 
is caused by the real rotation of the earth, it is obvious 
that the position of the two spheres must correspond, 
the poles of the earth being immediately under the 
poles of the heavens, and the equator of the earth 
under the equator of the heavens. Let the terrestrial 
globe be supposed to be so placed within the celes- 
tial, and let a motion be given to it from the west to« 
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wards the east, and we thail then have a correct re- 
presentation of the relative sitnatioB of the earth and 
the heavens. 

The terrestrial globe is furnished, like the celes- 
tial, with an horiaon and a meridian. But the hori- 
zon, considered in its proper sense, as the circle which 
bounds our view, belongs more properly to the celes- 
tial than to the terrestrial globe ; for it is needless to 
observe, that though we can see a hemisphere of the 
hearens, our view cannot extend over a hemisphere 
of the earth. On the terrestrial globe it tiierely re- 
presents the plmne of the horiztm, or that plane which, 
being extended to the heavens, would separate the 
visible from the invisible hemisphere. It is of use» 
however, on the terrestrial globe, because this globe 
often serves the purpose of the celestial. 

Here we may take occasion to explain the distinc- 
tion which is usually made by writers on these sub- 
jects, between the sensible and the rational horizon. 
The eemibte horixon^ as the name implies, is that circle 
which actually bounds our view, and which, as re- 
spects the earth, extends not more than a few miles 
around us. The rational horizon is a circle or plane 
parallel to the former, which passes through the centre 
of the earth, and divides both the earth and the celes- 
tial sphere into two equal parts. But it is to be ob- 
served, that, with respect to the heavenly bodies, the 
sensible and the rational horizon,- are the same, or so 
nearly the same, that the-difference may be disregard- 
ed. This is owing to the rast distance of the heavenly 

c 3 
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bodies, and the comparative miauteness of the earth. 
For let the small circle A, Fig. 5, represent the earth, and 
DF£ a portion of the heavenly concave : the line BC 
will then represent the sensible horizon of an observer 
at A, and the line D£ drawn through the centre, his 
rational horizon, the distance between them being 
equal to the earth's semidiameter. It is evident that 
the plane BC divides the celestial sphere into two un* 
equal portions, and that only the smaller of these is 
visible to us. But as the earth itself is a mere point 
compared with the immense sphere of our vision, the 
difference between the hemisphere DFE, and the 
smaller segment BFC, actually visible to us, is too 
small to be perceptible. 

The Equator of the earth corresponds exactly with 
the equator of the heavens, being an imaginary circle 
every where equidistant from the two poles, and di- 
viding the earth into two hemispheres, the northern 
and the southern. 

Distance from the equator measured directly to- 
wards the north or south, is called LatUudCt and is 
estimated in degrees. The distance of either pole 
from the equator, being a fourth part of the whole 
circumference, contains 90 degrees, which is therefore 
the utmost extreme of latitude. 

The circles drawn parallel to the equator at the dis- 
tance of every ten degrees, are called Parallels of 
Latitude. 

Any line drawn at right angles to the equator, and 
extended to each pole, is called a Meridian, because 
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it shows what places have noon at the same time. 
But only 24 lines of this kind are actually drawn upon 
the globe, corresponding to the 24 hours of the day. 
The space between each meridian contains 15 degrees, 
for 360 -|- 24 = 15 ; and over this space the sun 
moves, or appears to move, in an hour. When there- 
fore it is noon to places under any meridian, it is an 
hour past noon, or one o'clock, to places under the 
next meridian eeutward, and an hour before noon, or 
11 o'clock, to places under the next meridian west- 
ward; and so in proportion for a greater distance, 
llence it is, that, by travelling westward, we protract 
the interval between noon omd noon, isLud by travelling 
eastward^ we shorten it; and if two persons should set 
out from the same place, the one in a westward, and 
the other in an eastward direction, and make the cir- 
cuit of the globe, at the end of their journey the reck- 
oning of the former would be found a day behind the 
true reckoning, and that of the latter a day before it. 

Distance eastward or westward reckoned in degrees 
is called Longitude. But where to begin the reckon- 
ing, is a matter of purely arbitrary appointment, and 
different nations have adopted different meridians as 
the first, each reckoning in general from the meridian 
of its own capital. On English maps and globes, the 
first meridian is that of Greenwich, on account of the 
Royal Observatory being situated at that place. 

The brazen circle in which the terrestrial globe is 
hung, represents the meridian of any place that is 
brought under it. It is chiefly used for ascertaining 
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the latitude of places, for which purpose it is fradu* 
ated or divided into deg;rees, Uie degrees being Dum- 
bered on one side from the equator towards the poles ; 
so that by bringing any place to the meridian on that 
side on which it is so numbered, its latitude will be 
found immediately over. 

The longitude of places on the globe is asoertained 
by means of the equator^ which is also divided into 
360 degrees ; Bnd these are counted from the first me- 
ridian eastward and westward to the meridian directly 
opposite, where east and west longitude meet To 
ascertain the longitude of any place upon the globe, 
bring it to the brazen meridian, and observe the de- 
gree of the equator which Uie meridian intersects. 

It will now be readily understood what differ^it 
aspects of the celestial sphere are presented to diffeiv 
ent inhabitants of the earth. Those who live at the 
equator, will have the equator of the heavens exactly 
overhead, and the poles in their horizon. The stars 
will revolve in ciroles perpendicular to the horizon, 
and all of them will rise and set once in 24 hours. 
This aspect of the heavens is called a right tpkere. 

An observer situated at the pole of the earth w91 
have the corresponding celestial pole in his zenith, 
and the opposite pole in his nadir. The equator will 
coincide with the horizon, and the stars will revolve 
in circles parallel to the horizon, one hemisphere being 
always visible, and the opposite hemisphere invisible. 
This aspect of the heavens is called a paraUel sphere. 

An observer situated at any place between the equa- 
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tor and the pole, will have one pole elevated and the 
other depressed, and the heavenly bodies will appear 
to move in circles oblique to the horizon. This aspect 
of the heavens is therefore called an oblique sphere. 

Ad observer, travelling directly northward or south- 
ward firom the equator, Will see the celestial pole to- 
wards which he advances, rise gradually from the 
horizon, and become more and more elevated the 
further he proceeds. At the distance of 10 degrees 
from the equator, it will appear 10 degrees above the 
horizon ; at the distance of 20 degrees, it will be ele- 
vated 20 degrees ; and at the pole of the earth, or at 
the distance of 90 degrees from the equator, the celes* 
tial pole will appear exactly in the zenith. Hence the 
general rule, that the elevation of the pole i$ tdways 
equal to the latitude of the observer. 

From this also it necessarily follows, that the eleva- 
tion of the equator is equal to the complement of the 
latitude^ or to what the latitude wants of 90 degrees ; 
for at the equator, where the latitude is nothing, the 
equator passes through the zenith, that is, its eleva- 
tion is 90 degrees ; in latitude 10, the pole being ele- 
vated 10 degrees, the equator will be removed so 
much from the zenith, that is, its elevation will be 80 
degrees, which is the complement of 10. So in lati- 
tude 20, its elevation will be 70 degrees ; in latitude 
30, it will be 60, and so on. 

These truths point out an obvious and easy method 
of ascertaining by celestial observations the latitude 
of any place upon the earth. Where great accuracy 
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is not lequired, it wili be wfident to obsefve flie ele>* 
vation of the pole ptar^ which* beiBg tttvated nesriy 
upon the pole, showe at once its elemntifm* Mid diere* 
fore the latitude of the place where the obaerratioa ie 
made. But £w greater aoenncy select a etar gome- 
what farther from the pole, hut which never aelB ; ^^ 
serve ite.greatest altitude and its least altitade; take 
half the diffiBrence between these* add it to the least 
altitude* and the susi will be^e elevatioa of the pole* 
aad therefore the latitude. 

To find the Longitude of a place* all diat is wanted 
is some method of aseertainiDg the diflbrence in the 
reckoning of time between the place whose longitude 
is sought, and the place through which the first meri* 
dian passes ; for it has been already observed* lliat the 
sun i^ppears to move round the earth at the rate of 15 
degrees p?r hour ; so that when it is neon at any giren 
place* it is an hour past noon to places 16 degrees east* 
ward* and an hour before noon to places 16 degrees 
westward. To ascertain tUs difference of time* watches 
of superior coostructien and great accuracy* called 
Chronometers* are employed* which* being set to the 
time of any gif^n place* affiwd the means of comparing 
that time with the reckoniog of other places* and thus 
of caleplating their longitude* Thus* if a navigator 
at sea finds* by observations ' upon the sun* that it is 
noon in the place where he is situated* when hie chro* 
nometer informs him that it is two o'clock at Green- 
wich, he knows that his longitude is 80 degrees west? 
ward of the meridian of Greenwich. 
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Various other methods are employed for ascertaining 
both latitude and longitude ; but these are ail for which 
the learns is as yet prej^ared^ and they will suffioe ta 
explain the principle of each operation. 

The foregoing observations will enable the learner 
to perform^ without further direction or assistance, the 
following Problems upon the Globes : 

ON THE TERRESTRIAL GLOBE. 

PROBLEM I. 

To find the latitude and longitude of any given place. 

PROBLBM II. 

The latitude and longitude of any place being given^ 
to find the place. 

PRO»LBM UI. 

Any place being given, to find all those places 
which have the saoie latitude or the same loagitude. 

. PBOBLBM IT. 

To find the differenee of latitude or longitude be« 
tween any two placea. 

PROBLEM T. 

To find the difference of time in different places. 
ON THE CELESTIAL GLOBE. 

PROBLEM VI. 

To rectify the Globe for the latitude of any place» 
that is, to show that aspect of the heavens which is 
there exhibited* (See p. 33*) 

PROBLBM VII. 

To represent the three spheres. 
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PROBLEM VIIT. 

To find the meridian altitude of any fixed star in a 
given latitude, and in what points of the horizon it 
rises and sets, or whether it sets at all. 



CHAPTER VII. 



FURTHER DESCRIPTION OF CELESTIAL APPEAR- 
ANCES. 

Having already considered the more obvious ap- 
pearances and motions of the heavenly bodies, and 
shown how they may be explained by the spherical 
figure and diurnal motion of the earth, we may pro- 
ceed to remark some other appearances of a more 
complicated nature, which have not yet been noticed. 

We cannot long direct our attention to the heavens 
without perceiving, that, besides the diurnal motion 
common to all the heavenly bodies, some of them have 
motions peculiar to themselves, and in a direction con- 
trary to the former. This different motion is most 
observable in the Moon, which, besides partaking of 
the general diurnal motion of the whole heavens from 
east to west, will be found every successive night to 
have shifted her place relatively to the fixed stars about 
13 degrees towards the east, so that in the period of 
about 27 days she makes the complete tour of the 
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heaveQii. By longer obsenFatioa it i» foimd that the 3un 
also performs a< similar reyolation» thougph at a much 
slower rale. For if on any evening wanotiQe some 
fixed star near the western' horizon, after sunset, and 
observe it at the same hour for several successive 
evenings, we shall find it every evening nearer to the 
horizon, till at last it will set so soon after the sun as 
to be no longer visible. If then we. fix upon another 
star farther eastwards^ we shall observe the same ap- 
pearances repeated, the star bUng nearer and nearer 
to the horizon at every successive sunset, till it is lost 
from view in the splendour of the approaching sun. 
If, some weeks afterwards, we observe the heavens 
in the east before sunrise, we shall find the same stars 
which the sun's approach had hidden from us, again 
emerging from his splendour, appearing westwards of 
him instead of eastwards, and rising before him instead 
of setting after him. Hence it appears, that the sun 
advances among the fixed stars from the west towards 
the east, suecessively excluding from our view differr 
ent portions of the starry concave, till in about 365. 
days he is found to have completed the circuit of the 
sphere, and to have returned to the place where he- 
was first observed. But there is something further in 
this motion of. the sun, which cannot fail to be re- 
marked. It evidently is not performed in a line parallel 
to the equator, or to the diurnal circuits of the stars ; 
for if it were, the suu, like the stars, would always 
rise and set in the same points of the horizon, and 
always have the same meridian altitude ; whereas it 

D 
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is familiar to every one that he ascends far higher in 
our hemisphere in summer than in winter^ and rises 
and sets in different points of the horizon at different 
periods of the year. On the 21st March he is known 
to be upon the equator, because he rises exactly in 
the east, and sets exactly in the west, making the 
day and night of equal length all over the world; 
from which circumstance this period is called the 
Vernal or Spring Eqninox, (from isqutUf equal, and nox, 
night.) From that day he continues to advance far- 
ther and farther norUiward, or increases more and more 
in north Declinaiion, making the days longer and the 
nights shorter in the northern hemisphere, till the 21st 
June, the longest day, when he begins slowly to return 
towards the equator. This period is called the Summer 
SohUce^ (from sol^ the sun, and <to, to stand,) because 
for several days before and after the 21st June, his 
declination does not perceptibly vary one way or the 
other. On the 23rd September he is known to be 
upon the equator again, because he again rises in the 
east and sets in the west, and makes the day and 
night of equal length throughout the world. This is 
called the Autumnal Equinox. He then begins to have 
south declination, and continues to decline farther 
and farther southward, ' making the days shorter and 
the nights longer, till the 21st December, the shortest 
day, which is called, for a like reason as before, the 
Winter Solstice, From that day he begins to return 
northward, and reaches the equator again on the 21st 
March, These facts, which are so obvious as to force 



ELEMENTS OF ASTRONOMY. 39 

• 

themselves upon the attention of mankind, would na- 
turally excite the wish and endeavour to ascertain the 
exact line of the sun's annual course among the stars. 
This, we may presume, was one of the earliest prob- 
lems which engaged the attention and exercised the 
ingenuity of astronomers ; and familiar as the subject 
is to astronomers of the present day, a little reflection 
will convince us, that the discovery could not have been 
originally made without long and careful observation. 
Were the stars visible at the same time with the sun^ 
it would be easy to mark his course among them. 
But as he entirely effaces them from our view by his 
superior brightness, bis course could only be ascer- 
tained in an indirect way. Having no records of this 
discovery, we cannot positively state by what steps 
it was accomplished ; but a probable conjecture may 
be formed upon the subject. The first step would 
probably be to ascertain the obliquity of the sun's 
path, which would easily be done by merely observing 
how far he advances north of the equator in summer, 
and how far south of it in winter. These limits being 
found to be about 23^ degrees on each side of the 
equator, it was thus determined that the sun's path 
is a great circle of the sphere intersecting the equator 
in two opposite points, and inclined to it at an angle 
of 23^ degrees. Still the most difficult point remained, 
which was to place this circle in its true position on 
the celestial sphere. This could only be accomplished 
by a series of careful observations, aided 'probably 
by an artificial sphere or celestial globe, having the 
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equator tracefd upon it, und Hie }>rincfpttl start anjl 
consteliaticNHi laid down m tbevr true retoire sktiaitiiovis. 
Fnrmslied witk such an insilnimeflty aad with some 
contrivance ibr measunng time m tke abMuee of the 
Mm, an early astronomer might observe, at Are tim« 
of eidier equinox, ihat poisrt of the eqilMtor which 
comes to the n^ridian at midnight^ which, bekig^p* 
posite the s«i*s place at that time, wvaki show him 
where the svn was m% mouths before, and where it 
wxmld be six mon^s afiberwards. The points whiere 
the San's path iatersecto the equator beiBg tlhas ascer- 
tained, and the ebliqaity being kaown bj Uie means 
before mentioned, he might trace this Hne with tolei^ 
able aceoracy on his artificial sphere, and afterwards 
render it more and more correct by a series of similar 
obserradons ; for it is obviows^ that the same obserra^*- 
tion may be made sst any period iff the year besides 
the equinox, if care be taken to make allowance for 
the sun's declination. When the sun's actual place is 
10 degrees sonth of the equator, the opposite point of 
the sphere will be 10 degrees north, and vice versd. 

This great circle described by the sun in bis apparent 
annual course, is called the EchpHc, It is divided 
into 12 signs, which are named after the several con- 
stellations through which it passes. The names of the 
signs, with their symbols, and the days on which the 
sun enters them, are as follows : 

NORtHBRN SIGNS. 

Aries, or the Ram, (yt March 21. 
Taurus, the Bull, h April 19. 
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GemiBiy th^ Twins, n MHy20. 
CfBMfier, the Qrab, ® June 21. 
Leo» the Jion, Si July 22. 
Virgo, the Virgin, nt August 22. - 

SOUTHEEN SIGNS. 

Libra, the Balance, ^ September 23. 
Scorpio, the Scorpion, % October 23. 
Si^ttarius, the Archer, ^ Noyember 22. 
CapricornuBj the Goat» yf December 21. 
Aquarius, the W^er Bearers ;fff Jajpuary 20. 
Pisces, the Fishes, x February 19. 

The spring and autumnal signs are called aseendinjjf 
signs, because in them the sun's declinatioa is increas- 
ing ; the summer and winter si^ns are called desfiending 
signs, because in them his declination is decreasing. 
Each sign is subdivided into 30 degrees, and the sun 
makes hi^ apparent annual progress through the ecliptic 
at the rate of nearly a degree i^ a day. 

The two circles which contain the ecliptic, bein^ 
drawn parallel to the equator, at the distance of the 
sun's extrenpLe declination on either side, are called the 
Tropics f from a Greek word signifying to turn, because 
the sun, when he arrives at either of these circles, turns 
baok towards the equator. The Tropic of Cancer is 
the northern limit of the sun's course ; the Tropic of 
Capneoni the sputhern limit. 

Besides the sun and moon, there are some other 
heavenly bodies, which, while they partake of the 
diurnal revolution of the whole celestial sphere, have 
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motions upon that sphere peculiar to themselyes. The 
stars, properly so called, maintain invariably the same 
relative position, and hence are denommsted^fixed sian. 
But a few bodies, which at first appear to differ from 
the rest of the stars only by their superior brightness, 
are found, by longer observation, to change their places 
among the fixed stars, moving sometimes towards the 
east^ sometimes towards the west, and sometimes for 
several nights together appearing stationary. Their 
ordinary and longest motion is eastward, and this ac- 
cordingly is called the direct motion^ But after having 
advanced for some time in this direction, they become 
apparently ttatwnary; then move a short distance west- 
ward, when they are said to be retrograde; then again 
bocome stationary, till they again resume their east- 
ward progress, which being always continued longer 
and farther than their westward or retrograde motion, 
cauitis thorn to perform at length, though in this inter- 
rupted manner, the complete circuit of the sphere. 
These bodies, from the irregularity of their motions, 
are not unaptly termed Planets^ or Wandering Stars.* 
Five of them, namely, Mercury, Venus, Mars, Ju- 
piter, and Saturn, are easily discernible by the naked 
eye, and have been known from time immemorial. 
To this number modern astronomers have added others, 
which will be named and particularized hereafter. 
Hf*re it only remains to be remarked, that the wan- 
derings of the five just mentioned are confined within 

• From the Greek word irXow^Tiy?, a wanderer. 
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the limits of eight degrees on each side of the ecliptic. 
Hence that broad belt called the Zodiac^ which ac- 
companies the ecliptic, and which was naturally dis- 
tinguished from the rest of the celestial sphere as the 
region of the planetary motions. The signs of the 
ecliptic are also called signs of the Zodiac, and the 
word Zodiac, being derived from a Greek word sig- 
nifying animal, is supposed to bear reference to the 
figures of animals of which those signs chiefly consist 
Having thus considered the apparent peculiar mo- 
tions of the sun, moon, and planets, our attention must 
now be directed to the explanation of these appear- 
ances. 



CHAPTER VIII. 

ANCIENT AND MODERN EXPLANATION OF'THE 
FOREGOING APPEARANCES. 

As the diurnal revolution of the heavens was long 
considered to be a real and not an apparent motion, it 
is not to be wondered at, that these additional and 
peculiar motions of the sun, moon, and planets were 
regarded by the ancients in the same light. As they 
not unnaturally conceived the 'stars to be. attached to 
the concave surface of a solid sphere or firmament, by 
the revolution of which they were all simultaneously 
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carried round fh€» earth in 24 h^urs^ |bey w^e led by 
analogy to account for th^ motions of the otber hea- 
venly bodies in the same way« But as they could not 
suppose the sun, maon» and planets to be attached to 
the same sphere with the fixed sters, with respeqt to 
which they were constantly changing their place, th^ 
assigned to each of them a sphere of itp. own, that is, 
tliey supposed each of them to be 9i:tached to the 
concave side of a solid and transparent sphere, by 
whose revolutions they were carried, with diffierent 
velocities and in different directions, round ther earth, 
the common centre of the whole. Each of these ia- 
terior spheres was supposed to revolve by a motion of 
its own, and at the same time to be affected by the 
motion of the outer sphere of the fixed stars. Thus 
the sun was carried round from east to west by the 
communicated movement of this outer sphere, which 
produced his diurnal revolutions and the vicissitudes 
of day and night ; but at the same time the sphere in 
which *he was fixed, had a relative motion of its own 
in an eastward direction, which occasioned his annual 
revolution and the continual shifting of his place with 
regard to the fixed stars: This motion was more easy, 
they thought, when carried on edgeways, and not in 
direct opposition to the motion of the outer sphere; 
and hence the inclination of the axis of the solar sphere 
to that of the fixed stars, and consequently the ob- 
liquity of the ectiptic and the changes of the seasons. 
The moon being placed below the sphere of the sun, 
had both a shorter course to finish, and was less 
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obstructed bjr the cotiti'aiy itooVettiefrt df th« sphere of 
Ae fited i^ari^, ht^m which the i/jr^n fart'iier t^ittibifed. 
She fiiriflhed her peiiod, lihetielc^t'e, b & l^h(^rter Utee, 
and te^uifed btit a month, instead of a y^t, lb eoin- 
plete it. In the sain6 ttaaner, Ihe fi^e planets werie 
supposed to be attached to thiefr i^spefdtive tra^patenl 
sphere placed dne "^hhi Width'^r, the situatioii and 
order of Ihe l^ole being as IbAbws : fh*st, the sphere 
of the Mood ; beyiond that. tiWt \rithin liie sp/here of 
the Snn, were placi^d those of lttei*ctfry and V'enuS ; 
and beyond tlie sphetie xif tite Smm, those 6f Mats, Jii* 
pHet, and Satarn; the whole behig inclosed byldve 
^at sphef e of the filed stars, and by certain ^tys* 
talline sphei^s or h^t^S, which were supposed to be 
placed beyond the visible firmament.* Sach wits the 
fantiful notion which was lbnn«d of the sttucttnre of 
the universe by the ancient astronomers of (he Italian 
school, and which, after receiving su(^i(i^8sive iinp^ov^e^- 
ments and additions front ArfstoHe, Endoxus, CalKpt- 
pus, Apollomus, and Hipparchas, became established 
undfer the name of ftdlemy, and pktvailed fof ages 
in all the schools of science. To this notion of the 
spheres Pythagoras added a p^uHat ftincy of his own, 
which, as it is occasionally alluded to in the Writings 
of the poets, deserves some share of notice. Be 
** conceived that the celestial spheres in which the 



* See Smitli's PlulQioi»hiteal tnkjw, History of Astrosomy, 
Sect. IV. ttom viiich the foregoia; ocoouat of the sndent qntem 
of the spheres is bommed) pwrtij ia tiie same words. 
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planets move, striking upon the ether through which 
they pass, must produce a sound, and that this sound 
must vary according to the diversity of their magnitude, 
velocity, and relative distance. Taking it for granted 
that every thing respecting the heavenly bodies is 
adjusted with perfect regularity, he further imagined, 
that all the circumstances necessary to render the 
sounds produced by this motion harmonious, were 
fixed in such exact proportions, that the most perfect 
harmony is produced by their revolutions. Tills fan- 
ciful doctrine respecting the music of the spheres gave 
rise to the names which Pythagoras applied to musical 
tones. The last note in the musical octave he called 
Hypate, (vvarvif highest,) because he supposed the 
sphere of Saturn, the highest planet, to give the 
deepest tone ; and the highest note he called Neate^ 
(vearifi, the lowest,) from the sphere of the moon, which 
being the lowest or nearest the earth, he imagined 
produced the shrillest sound. In like manner of the 
rest. It was said of Pythagoras by his followers, 
who hesitated at no assertion, however improbable, 
which might seem to exalt their master's fame, that 
he was the only mortal so far favoured by the gods 
as to be permitted to hear the celestial music of the 
spheres."* 



• Enfield's History of Philosophy, vol. i. book ii. chap. xii. — See 
also that highly interesting fragment of Cioero*s writings, entitled 
^omnticm Scipwnig, at the passage which begins with these words, 
" Nonne adspicis quae in templa veneris,*' Sac. 
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It would be tedious and of little use to point out all 
the objections to which this ancient system of Astro- 
nomy is liable, or the various expedients which were 
devised by Ptolemy and others for obviating these ob- 
jections, and reconciling the system with all the phe- 
nomena of the heavenly bodies.* Suffice it to observe, 
that, though by these devices it was made to corres- 
pond pretty well with actual appearances, yet it as- 
cribed such intricacy to the structure of the world, and 
was so inconsistent with the usual simplicity and beauty 
of nature, as not without reason to have provoked the 
bold remark which is said to have been uttered by 
Alphonso, king of Castile, that, had he been present 
at the creation of the world, he could have counselled 
the Deity to construct it better. 

The only system which satisfactorily explains all the 
movements and appearances of the heavenly bodies, 
and which, from having stood the test of a long series 
of accurate observations, may now be considered as 
placed beyond dispute, is that taught by Copernicus, 
a German philosopher of the 16th century, and from 
him called the Copernican System. It is said, indeed, 
to have been taught long before, by Pythagoras, who 
flourished 500 years before the Christian era. But 
this is somewhat doubtful, and at all events, as Co-* 
pemicus was the first to establish it on just grounds, 
be has the best title to the honour of the discovery. 

* For an account of these expedients, see Smith's Philosophical 
j^ssays, as referred to above. 
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of its orbit, so that it makes with the perpeodicular pr 
(see Fig. 8.) an angle of about 23^ degrees, the effect 
of which is, that the sun, in his apparent annual revo- 
lution, appears sometimes north and sometimes south 
of the equator; for the axis NS keeping constantly 
parallel to itself in all parts of the earth's orbit, it is 
evident that, when the earth is at A, the sun at C, 
instead of appearing directly over the equator, will 
appear north of it, and just as far north as the pole N 
is distant from the perpendicular p, that is, 23$ de- 
grees ; and that, on the other hand, when the earth is 
in the opposite part of its orbit, at B, the sun will 
appear the same distance south of the equator, and 
will only be over the equator at the two intermediate 
points. 

This inclination of the earth's axis to the plane of its 
orbit affords a very simple and easy solution of the 
vicissitudes of the seasons, and the variations in the 
length of the day. For when the north pole is turned 
towards the sun, as at A, (Fig. 8.) the sun is vertical 
to those parts of the earth which are 23§ degrees 
north of the equator, and his light extends as far 
beyond the north pole ; so that all places within that 
distance of the pole, perform their diurnal revolution 
without losing sight of the sun, and all other places 
north of the equator perform a greater part of their 
revolution in light than in darkness. In this situation 
of the earth, therefore, the inhabitants within the 
polar circle, which is drawn at the distance of 23^ 
degrees from the pole, have no night; and ail other 
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inhabitants of the northern hemisphere hare longer 
days than nights. The sun also appears to them 
at his greatest elevation above the horizon, and 
darts his rays upon them most directly. These cir- 
cumstanced will be reversed, when the earth is at 
the opposite point of its orbit, B ; for then the north 
pole being turned from the sun, the sun will be ver* 
tical to those parts of the earth which are 23-| de- 
grees south of the equator, and his light will con- 
sequently fall short of the north pole by an equal 
distance; so that all places within Uie polar circle 
will revolve wholly in darkness, and have no ddy; 
and every place between that circle and the equa- 
tor will revolve longer in darkness than in light, and 
consequently have shorter days and longer nights, 
the sun, at the same time, appearing at his least ele- 
vation. At the two intermediate points of the earth's 
orbit, the sun will be vertical to the equator; the 
boundary of light and darkness will fall exactly upon 
each pole, and equally divide all the parallels of 
latitude in both hemispheres; so that the day and 
night will then be of equal length all over the worfd. 
This must happen twice in every revolution of the 
earth, and these are the two periods which we call the 
Vernal and the Autumnal Equinox. But it should 
be observed that at the equator the days and nights 
are equal throughout the year, because in every posi- 
tion of the V th with respect to the sun, that circle is 
always equally divided by the boundary of light and 
darkness. And the nearer any place is to the equa- 
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f 

tor, the less is tlie disproportioa between the days 
amd nights in summer snd in winter. 

Thus it is that the annual revolution of the earth 
round the sun^ with its axis constautlji hidined in the 
same direction to the plane of its ocl>it> causes- the 
apparent revolution of the sun in that^ oblique circle 
which we call the Ecliptic, and' produces that vicissi* 
tode of seasons which is so grateful and salutary ta 
the inhabitants of the earth. We have only to add 
on this subject, that the direction of the earth^s revo-' 
lution, as well as of all the other planets, is- from west 
to east, or from raght hand to left, as seen from the sun ; 
and it is completed in 365 days, 6 hours, 48 minutes, 
and 40 seconds, which is the length of our year. 

This explanation of the phenomena of the seasons 
points out to our notice certain divisions of the earth^s 
surface which are treated of by geographers under the 
name of Zones, In consequence of the inclination of 
the earth's axis, the sun, as we have seen, appears 
sometimes north and sometimes south of the equator, 
the limits of his declination on either side being ex-- 
acdy equal to the angle which the earth's axis makes 
with a perpendieular to the plane of its orbit, that is, 
to 23i degrees. The Tropic of Omcer is a circle 
drawn parallel to the equator, marking the extreme 
limit of the sun's northern declination. The Tropic of 
CapritorH is a similar circle, marking the extreme 

m 

limit of the sun's southern declination. These corre- 
spond exactly to the two circles of the same name 
which have already been noticed on the celestial 
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globe. The space included between these circles is 
called the Torrid Zone, which, extending 23i degrees 
on each side of the equator, has an entire breadth of 
47 degrees. It is only to the inhabitants of this re- 
gion that the sun can ever appear vertical, which 
happens to those immediately under the tropics once 
a year, but to those who live in any part within the 
tropics twice a year. As the light of the sun, when 
he is in the Tropic of Cancer, reaches 23i degrees 
beyond the north pole, and the same distance be- 
yond the south pole, when he is in the Tropic of 
Capricorn, there is an obvious reason for drawing an 
imaginary circle at that distance round each pole, to 
mark the utmost limits of those parts of the earth 
which may perform an entire diurnal revolution within 
the boundary of light or darkness. Such are the 
ArcHe Circle round the north pole, and the Antarctic 
round the south pole. The regions they contain are 
called the Frigid ZoneM, and it is only in those parts 
that the sun can remain above or below the horizon 
for 24 hours or more. The two spaces which remain, 
included between the torrid and the two frigid zones, 
are only characterized by the negation of those cir* 
cumstances which respectively distinguish the other 
divisions { the sun in those parts being never vertical, 
as in the torrid zone, and the day or night being never 
of 24 hours duration, as in the frigid zones. These 
regions are called the Temperate Zones, the breadth 
of each being 43 degrees. 
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CHAPTER X. 

TH£. FOREGOING SUBJECT FURTHER ILLUSTRATED 

BT THE GLOBES. 

The knowledge which the learner has now acquired 
of the Ecliptic, will enable him to apply the Globes 
to their most interesting and important uses. A circle 
bearing this name will be found traced upon both Uie 
terrestrial and the celestial globe; but, as was ob- 
served respecting the horizon,* it belongs more pro- 
perly to the latter than the former ; at least it is best 
understood on the latter, because there it is a fixed 
circle, placed in that situation which nature assigns it, 
and justly representing the sun's apparent path among 
the stars ; whereas on the terrestrial globe, its position 
varies according to the place of the first meridian, and 
represents the sun's path no otherwise than as it serves 
to show in what parellel of latitude he is performing 
at any given time his diurnal circuit. The same pur- 
pose, however, is equally well answered by that scale 
called the Analemmay which, extending from tropic to 
tropic, contains the names of the months, with their 
divisions into days, so placed as to correspond with 
the sun's successive points of declination. The sun's 
true path over the surface of the earth is a spiral line 

• See p. 29. 
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winding round the torrid zone as many times as there 
are days in the year, and making its circuits closer 
and closer the nearer it approaches to either tropic. 
But the sun's path in the heavens is exactly such a 
circle as we find drawn upon the celestial glohe. It 
is therefore hetter, in order to obviate misapprehen- 
sion^ to employ this globe alone in all such problems 
as relate to the ecliptic, . or if the terrestrial globe be 
employed in the same way, let it be distinctly under- 
stood that it is then converted, so far as may be, into 
a celestial globe. 

l.^ PROBLEMS TO BE PERFORMED ON THE 

CELESTIAL GLOBE, 

PROBLEM I. 

To find the Sun^s Place in the Ecliptic, otherunse called 

its Longitude, 

For this purpose the wooden circle which surrounds 
the globe, representing the rational horizon,^exhibits a 
table consisting of two broad circles or belts, each 
divided into twelve parts, the outermost containing 
the names of the months, with their subdivisions into 
days, and the inner one the names of the twelve signs 
of the zodiac, with their subdivisions into degrees. 
These divisions are so arranged, that, by finding the 
day of the month on the outer circle, you find the 
sun's place en that day in the corresponding point of 
the inner circle* When greater accuracy, however. 
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is required, it is better to consult an Epkemeris,* or 
Astronomical Almanack, in which the sun's longitude, 
found by calculation, is given to a second for every day 
in the year. The corresponding place may then be 
found on the ecliptic of the celestial globe, and a small 
patch or mark fixed there to represent the sun, will 
be found convenient in the onsuing problems. 

Here let it be carefully remarked, Uial the term 
Longitude is employed in a different sense from that in 
which it has been already explained. On the cdesHal 
globe it signifies, not distance from the first meridian 
reckoned on the equator, but distance from the equi- 
noctial point reckoned on the ecUpHc; and it is usually 
stated by means of the signs and their subdivisions. 
Thus the sun's longitude on the 1st of January , 1 828, was 
\(y> 7< 5'' in. Capricorn. A similar difference must be 
observed in the application of the term Latitude, which 
also on the. celestial globe refers to the ecliptic, and is 
applied to the stars and planets to denote their distance 
from that circle northward or southward. To the sun, 
of course, it is not applicable, because, being always 
in the ecliptic, it can have no latitude. 

* Whitens Ephemeris is the one commonly employed, a book 
indispensable to every student of astronomy. 
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PROBLEM II. 

To find the Sun's Declination^ or Distance from the 

Equator, 

The sun's place in the ediptic, a& found above, bein^ 
brought to the brazen meridiauy its declinatioa, or dis* 
tarice from ihe equator, may be observed by means of 
the graduated scale thereon contained. 

PROBLEM III. 

To find the Sun^s Right Asceimon. 

By the right ascension of any heavenly body is 
meant its distance from the equinoctial point reckoned 
on the equator. The sun's place being brought to the 
brazen meridian, as in the preceding problem, that 
point of the equator which the meridian crosses is his 
right ascension. 

PROBLEM IV. 

To find the Sun's Meridian Altitude^ and the Time of 
Sunrise and Sunset, ai any given time, in any given 
place. 

If the latitude of the given piece be unknown, find 
it on the terrestrial globe, and then rectify the celes- 
tial globe for that latitude, according to the principles 
laid down in Chapter VI. p. 33. Find the sun's place 
for the given day, as above, and bring it to the meri- 
dian: the globe then represents the position of the 
heavens on the noon of that day ; and the distance of 
the sun from the horizon^ or its meridian altitude, may 
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be observed by means of the brass meridian. The 
globe being in this situation, set the hour index to 
twelve ; and then, if the sun's place be moved first to 
the eastern, and next to the western side of the horizon, 
the index will show the time of sunrise and sunset.* 
The same operation enables us to ascertain the sun's 
amplitude, or the distance at which he rises from the 
east and sets from the west point, either towards the 
north or towards the south. It shows us, in short, the 
whole extent and position of the sun's diurnal arc at 
the given time and place. By this problem, also, the 
length of the longest and shortest day may be found, 
by taking the first of Cancer as the sun's place in the 
one case, and the first of Capricorn in the other. 

If- the given place be within the polar circle, the 
pole being elevated according to the latitude, it will be 
seen on turning the globe, that there is a certain por- 
tion of the ecliptic near the upper tropic which does 
not descend below the horizon, and an equal portion 
near the lower tropic which never mounts above it. 
By observing the extent of those portions, and then 
referring to the table of the sun's longitude on the 
wooden horizon, it may easily be ascertained during 
what period of the year the sun ceases to rise or set in 
that latitude. 

* Instead of the hour index, the equator may be used for the 
same purpose, by observing how much of it has passed the meridian 
when the sun's place is moved to the horizon, and allowing an hour 
for every fifteen degrees, or four minutes for every degree. This, 
in fact, is the better method, because it admits of greater accuracy. 
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PBOBLEM V. 

To find the Situation of the Heavens at any given hour. 

The solution of this problem will be easily seen from 
the preceding; for the globe being prepared in the 
same way, and turned from east to we^t in imitation of 
the diurnal motion of the heavens, its motion may be 
arrested at any hour to which the index points, and 
then the position of the globe will represent the posi- 
tion of the heavens at that hour, showing what stars 
or constellations are then above the horizon, and how 
they are situated with respect to it. If the given hour 
be in the day time, we n^ay ascertain by this problem 
how far the sun is distant from the meridian, that is, 
his azimuth, and also his altitude. If it be in the night 
time, we may ascertain how far he is depressed below 
the horizon, and when twilight (which requires that 
the sun should be within 18 degrees of the horizon) 
begins and ends. And if the globe, thus rectified 
according to the hour of the night, be carried out of 
doors, and placed with its meridian due north and 
south, the stars and constellations marked upon its 
surface will stand exactly under those which they re- 
present in the real heavens; thus furnishing to the 
student an easy means of learning the names and 
situation of the stars. 

The problems which follow are to be performed 
solely on the terrestrial globe, the sun being supposed to 
be immediately above the globe, and the wooden circle 
being used to represent the boundary of illumination. 
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U.-'PROBLEMS ON THE TERRESTRIAL GLOBE. 

PROBLEM VI. 

To represent the Situation of the Earth with respect io 
'the Sun at the Summer Solstice, at the Winter Soistice, 
at the Equinoxes, or At any intermediate time. 

For the sutnoier solstice, raise the Borth pole 23{ 
degrees above the wooden circle, and conceive the s«a 
to be shining at a distance immediately above the 
globe. The wooden circle will then represent the limit 
of the son's light, all above it being illumined, and all 
below it being in darkness. In this situation it will be 
seen that the sun is vertical to those parts of the earth 
which lie under the tropic of Cancer, and that, conse- 
quently, his light extends 23| degrees beyond the north 
pole, and falls short of the south pole by the same 
distance. The ^lobe be^ng turned from wast to east, 
in imitation »f the earth's real motion, it will be ob- 
served that all places within the iorctic circle perform 
the whole of their revolution in light, while all .places 
within the antarctic circle revolve wholly in darkness, 
thus iliustratiog the sun's continued presence in sum- 
mer, and bis continued absence in winter, in the polar 
regions. It will also be observed that all places in 
the northern hemisphere, not within the polar circles, 
perform a greater pcut of their revolution in light than 
in darkness, and that the reverse of this is the case in 
the southern hemisphere, while the equator is equally 
divided by the boundary of illumination; and the 
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nearer apy place is to the equator, the less, it will be 
perceived, is the difference between its diurnal and its 
nocturnal arc — all which is beautifully illustrative of 
t)ae different proportions of day and night in summer 
and in winter in different latitudes. If it is wished to 
ascertain the proportion between day and night at this 
season of the year at any place, all that is necessary 
to be done for this purpose is to observe how much of 
a parallel of lal^itude passing through the place lies 
above, and how much below, the boundary of illumin- 
ation, allowing an hour for every 15 degrees. Or if 
the place be brought to the meridian, and the hour 
index set to 12, the place being moved to the wooden 
circle on either side, the number of hours traversed by 
the index will show half the length of the day, from 
which the whole length both of the day and the night 
may be easily ascertained. The sun's meridian alti- 
tude at the summer solstice may also be found for any 
place, by bringing that place to the brass meridian, 
and observing how far it is distant from the boundary 
of illumination, for that distance is always equal to 
the sun's altitude. 

To represent the earth*s situation with respect to 
the suu at the winter soUtieey the south pole of the 
globe must be raised 23i| degrees above the wooden 
circle, and to represent its situation at the equinoaes, 
each pole must be made to coincide with this circle.* 

* In thus shifting the potation of the globe with respect to the 
wooden circle, it may be well to caution the learner against sup- 

P 
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After what has been said in the case of the summer 
solstice, it is needless to detail the several similar ob- 
servations which may be made in these two cases. 

In like manner the earth's situation with respect to 
the sun may be shown for any intermediate time, by 
elevating the pole above the boundary of illumination 
according to the sun's declination, the north pole for 
north declination, the south pole for south. This 
being done, the learner will t>e prepared for the inter* 
esting problem which follows. 

PROBLEM VIT. 

To show at one view all the Places to which the Sun is 
rising, setting, or culminating, and wliere it is verti' 
cal, at any given moment. 

Having found the sun's declination on the given 
day, and elevated the north or south pole accordingly, 
bring the place where you are situated to the brazen 
meridian, and set the hour index to 12. Then, if the 
given hour be before nooui turn the globe westward; if 
it be afternoon, turn it eastward^ till the index has tra- 
versed over as many hours, or parts of an hour, as 

posing that the earth moves in a similar way. Let it be carefully 
remembered that the earth's axis, instead of moving as the axis of 
the globe is moved in this problem, continues always parallel to 
itself, or pointed in the same direction ; ^nd that which really 
moves is the boundary of light and darkness. But as the wooden 
circle which represents this boundary is not made moveable, its 
chanji^ of place can only be represented by moving the globe 
within it. 
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intervene between noon and the given time of day. 
This being done, the position of the globe with respect 
to the wooden circle, exactly represents the position 
of the earth at that time with respect to the boundary 
betweea light and darkness. To all places above the 
wooden circle, it is day; to all places below, it is 
night. To those places over which this circle passes 
on the western side, the snn is rising; to those over 
which it passes on the eastern side, the sun is setting. 
To those under the upper half of the brazen meridian, 
it is mid-day ; to those under the lower half, it is mid- 
night; and that particular place under the upper half 
of the meridian, the latitude of which corresponds with 
the sun's declination, is the point where the sun is then 
vertical. That place, it will be observed, is exactly 
at the summit of the globe, as the sun is there at the 
summit of the heavenly concave; and every other 
place in the illuminated hemisphere has, in like man- 
ner, the altitude of the sun equal to the distance of 
the place from the wooden circle which represents 
the boundary of light and darkness. The depression, 
also, of any place below this circle, is an exact mea- 
sure of the sun's depression there below the horizon; 
and thus the extent of twilight may be ascertained by 
observing what places are immerged within the bounds 
of darkness less than 18 degrees. This comprehensive 
problem is perhaps the most interesting and instructive 
of all the uses to which the globe may be applied. 



p2 



64 BLGMBNTS OF ASTRONOMIT. 



CHAPTER XI. 

OF THE ELLIPTICAL FORM OF THE BARTH's ORBIT, 
AND THE LAW OF THE EARTH's MOTIONS. 

The seasons are not of exactly equal length; for 
from the vernal equinox, which falls on the 21st of 
March, to the autumnal equinox, which falls on the 
23rd September, there are 186 days ; whereas between 
the autumnal and the vernal equinox, there are only 
179; so that the summer part of the year exceeds the 
winter part by about seven days. This is owing to a 
circumstance, for the discovery of which we are in- 
debted to Kepler, a German philosopher, who flour^ 
ished at the commencement of the 17th century ; 
which is, that the earth's orbit is not a circle, but an 
ellipse, having the sun in one of its foci. Let A£CD 
(Fig. 9.) represent the earth's elliptical orbit, S the 
sun in one of its foci, and £FGH the ecliptic, or 
plane of the earth's orbit extended to the fixed stars : 
While the earth moves in its orbit from B through C 
to D, the sun appears to move in the ecliptic from F 
through G to H, passing through the six northern 
signs ; and while the earth proceeds from D through 
A to Bj the sun appears to move from H through £ to 
F, through the six southern signs. Now the line HF 
bisects the circle EFGH, but divides the ellipse 
ABCD unequally; so that while the sun appears to 
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pass through the northern signs, the earth moves 
through more than half its orbit; but describes less 
than half its orbit during the sun's passage through 
the southern signs. The sun, therefore, must appear 
to be longer in passing through the six northern, than 
through the six southern signs, even if the earth moved 
in its orbit with uniform velocity. But the fact is, 
that the earth moves slower in the summer part of its 
orbit than in the winter part, because its distance from 
the sun is greater. For a double reason, therefore, 
the sun's apparent motion is slower in the northern 
signs than in the southern. The difference is found 
by observation to be 7 days and 17 hours. 

Hence it further appears that the earth is nearer to 
the sun in winter than in summer. The distance of 
the sun, S, from K, the centre of the earth's elliptical 
orbit, which is called the eccentricity of the earth's 
orbit, is 1,597,000 miles. The earth will, therefore, 
he 3,ld4,000 miles nearer the sun at the point A, 
which is its situation in winter, than at the point C, 
its situation in summer. This is confirmed by obser- 
vations upon the sun's disk, the diameter of which in 
winter is 32' 38", in summer 31' 32^'. But here the 
question will naturally arise, ''Why have we the cold- 
est weather when the earth is nearest the sun V In 
answer to which, it may be observed, that the eccen- 
tricity of the earth's orbit bears no greater proportion 
to the earth's mean distance from the sun, than about 
1 to 60, and therefore can occasion but little variation 
in the heat and cold of different seasons. So incon* 
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siderable, in fact, U the influence of Ikis cause, that it 
is completely counteracted by the effect which arises 
from the inclination of the earth's axis. In winter the 
northern pole being tarned from the sun, its rays then 
fall so obliquely upon us, as not to impart the fnll 
benefit of their heat ; and its visits, moreoyer, are so 
short, that the effect of his presence is counteracted 
by that of his longer absence, in summer, on the 
ccHitrary, the sun's rays fall more directly upon us, 
and therefore in greater quantity and with greater 
power ; and as the days are then long, and the nights 
short, the earth and air are heated in the day-time 
more than they are cooled in the night, so that the 
heat continually accumulates. 

Though the motion of the earth in its orbit is not 
uniform, being, as we hare said, slower in summer 
than in winter, yet it is regulated by a certain law, 
which is, that a Una drawn from the centre of the sun 
to the centre of the earth describes equal areas in 
equal times. Thus, if A£ (Fig. 10.) represent the 
earth's elliptical orlHt, and lines he cbawn from S, the 
sun's place or focus, to thiB points B, C, D, E, F, &c. 
so as to make the spaces ASB> BSC, C8D, DS^£, 
ESF, &C. equal to one another, then the portions of 
the orbit intercepted by these lines, namely, AB^ BG, 
CD, D£, £F, ^c, though unequal in length, will be 
described by the earth in equal times% This remark- 
able law holds with respect to all the planets, and is 
one of the laws known by the name of Kepler's laws, 
from th^ir discoverer. 
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The following terms and particulars relating to the 
earth's orbit should here be carefully impressed on the 
mind. 

1. The point of the earth's nearest approach to the 
son, is called its Periheium or Higher Apiis. 

2. The point of its greatest distance is called its 
Aphelion or Lower Apsis. 

3. The looger diameter of the ellipse which joins 
these two points, is called the line of the Apsides. 

4. The place of the earth's apfielion is the 9th de- 
gree of Capricorn. 

^, The eccentricity of the eaf th's orbit is die dis- 
tance of the sun from the centrttl point, which is esti- 
mated at 1,597,000 miks. 

5. The distance from the sun to the extremity of 
the shorter diameter of the earth's orbit, (LS, Fig. 9.) 
is the earth's mean distance from the sun, estimated 
at 95,000,000 miles. How this is ascertained will be 
shown in a subsequent chapter. 
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CHAPTER XII. 

OF THE SOLAR AND SIDEREAL DAY, AND THE 

EQUATION OF TIME. 

The succession of day and night is caused, as we 
have seen, by the rotation of the earth upon its axis. 
But by reason of the earth's motion in its orbit round 
the sun, a day is somewhat longer than the time which 
the earth takes to perform one complete revolution 
upon its axis. For, as the earth's motion in its orbit 
causes the sun to appear every day a little further 
eastward in the ecliptic, . it will require something 
more than one complete rotation to bring round the 
same meridian from the sun to the sun again. Between 
the noon of one day and the noon of the next, the 
earth must perform one complete rotation, and just so 
much of another as is equivalent to the sun's daily 
advance eastward. The interval between one noon 
and the next is called a Solar day, the metin or ave- 
rage length of which is 24 hours. But the earth's 
rotation upon its axis is completed in 23A. 56> 4!\ This 
is called a Sidereal day, because it is measured by 
means of the fixed stars ; for the stars are situated at 
such an immense distance from us, that the diameter 
of the earth's orbit is but a point in comparison, and 
therefore any meridian will revolve from a fixed star 
to that star again, in exactly the same time as if the 
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earth stood still in its orbit, and had ooly a diurnal 
motion upon its axis. The sidereal day is, therefore, 
shorter than the solar day by 3' &&' ; and this gain of 
time, by the stars, amounts in the course of the year 
to one entire day ; so that the year of 865 solar days 
includes 366' sidereal days, or, which is the same 
thing, 366 rotations of the earth upon its axis. 

We have said that the length of the solar day is 24 
hours. This, however, must be understood of the 
average or mean length ; for the intervals between noon 
and noon vary in length, being sometimes a little more, 
sometimes a little less, than 24 hours. In order tu 
understand the reason of this, it is necessary to recur 
to the distinction which has just been pointed out, 
between the solar and the sidereal day. The excess 
of the solar above the sidereal day has been shown to 
arise from the advance which the earth has made In 
its orbit, and the consequent apparent advance of the 
sun eastward in the ediptie during the earth's rotation. 
Were this daily advance of the sun towards the east 
always uniform in its amount, the solar days would 
all be of the same length. But as this apparent mo- 
tion of the sun is owing to the real motion of the earth 
in its orbit, it must of course be subject to the same 
inequality. It is, accordingly, faster in winter, when 
the earth is in that part t)f its orbit which is nearest 
the sun; and slower in summer, when the earth m 
more remote from the sun. Now it is evident, that 
the further the sun advances eastward, while the earth 
performs its rotation upon its axis, the more will the 
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interval between noon and noon be protracted. Where- 
as, when it advances a shorter distance than usual in 
its eastward course, it will come to the meridian sooner, 
and thus ihorten the solar day. 

This, however, is not the only cause of the differ- 
ence in the length of the solar days. Por were the 
earth's motion in its orbit, and the consequent apparent 
motion of the sun in the ecliptic, always uniform, still 
a difference in the length of the solar days would 
arise from the obliquity of the sun's apparent path in 
the heavens. This can only be illustrated by means 
of a globe. Let equal portions be taken on the ecliptic 
and the equator of a celestial globe, by plachig marks 
at every tenth degree, and then, the globe being turned 
westward, it will be found that every successive mark 
upon the ecliptic, between the first of Aries and the 
first of Cancer, will come sooner to the meridian than 
the corresponding mark upon the equator, the differ- 
ence increasing from the first of Aries to the 15th of 
Taurus, and diminishing from that point to the first of 
Cancer, where the two corresponding marks come to 
the meridian together. But between the first of Cancer 
and the first of Libra, the successive marks upon the 
ecliptic will come to the meridian later than the cor- 
responding marks upon the equator, the difference 
increasing to the 15th of Leo, and decreasing from 
that point till the marks again coincide at the first of 
Libra. The same will be found in the southern por- 
tion of the ecliptic. Thus it appears, that though the 
sun should move uniformly in the ecliptic, yet equal 
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portions of his progress io that circle do not make 
equal differences in his situation as referred to the 
equator ; and it is only by referring his place to the 
equator, or by finding what is called his right ascend 
iian,^ that we can determine with accuracy the amount 
of his daily removal eastward, and consequently the 
amount of that additional time by which the solar ex- 
ceeds' the sidereal day. While passing through the 
signs Pisces and Aries, where his path is most inclined 
to the equator, his daily advances in right ascension- 
being smallest, he will come proportionably sooner to 
the meridian, and consequently render the solar day 
shorter than the mean. But while passing through 
Gemini and Cancer, where his path lies nearly parallel 
to the equator, and crosses the meridians after they 
have in some degree converged, his daily advances 
in right ascension being the greatest, he will come 
accordingly later to the meridian, and render the solar 
day longer than the mean. 

There are, then, two causes which combine to ren- 
der the solar days of unequal length; first, the varying 
velocity of the sun's apparent motion in the ecliptic, 
occasioned by the earth's unequal motion in its orbit ; 
and next, the obliquity of the ecliptic to the equator. 
Hence arises the distinction between mean time and 
apparent time : the former being that measurement of 
time which is made by a well regulated clock or watch, 
and which reckons the duration of the day uniformly 
at 24 hours ; the latter being the time shown by the 

* See above, p. 57. 
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()ial, which, on account of the unequal length of the 
solar days, is sonietimes faster, sometimes slower than, 
the clock. The difference between mean and apparent 
time is called the equation of time. According to the- 
first of those two causes which occasion the difference, 
between mean and apparent time, namely, the unequal 
velocity of the earth's motion in its orbit, the clo6k 
and sun would agree only, twice in the year, when the 
earth is in its perihelion, that is^ at the end of De- 
cember; and again, when the earth is in its aphelion, 
or near* the end of June ; the sun being faster than the 
clock between the aphelion and perihelion, but slower 
between the perihelion and aphelion. According to 
the other cause, if that operated alone, the sun and 
clock would agree four times in the year, namely, at 
the two equinoxes, and the two solstices, the sun 
being faster than the clock while passing through the 
two quarters of ascending signs, but slower while 
passing through the two quarters of descending signs. 
The two causes sometimes concur with, sometimes 
counteract, one another ; and it is from the combined 
calculation of each that equation tables are constructcH). 
The following concise table, adapted to the second 
year after leap year, will always be found within about 
a minute of the truth, and therefore sufficiently accu- 
rate for all common purposes. The difference, it will 
be observed, between mean and apparent time is never 
greater than 16 minutes, and the days on which the 
dock and sun agree, are April 15, Juue 16, August 
31, and December 23. 
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A TABLE SHOWING THE EQUATION OF TIME. 



Clock faster 1 Clock slower 


Clock faster 


Clock slower 


than the Sun. 1 than the Sun 


. than the Sun 


', than the Sun. 


■ 


■la. 


■i 


a. mi 


■"• 


mia. 


Dec. 26. 


1 


Apr. 19. 1 


L June 20. 1 


L Sep. 3. 


1 


28. 


2 


24. S 


\ 26. 2 


5 6. 


2 


30. 


3 


30. 5 


\ 29. i 


J 9. 


3 


Jan. 1. 


4 


May 13. A 


V July 6. < 


I 12. 


4 


3. 


6 


29. : 


) 11. i 


> 16. 


6 


5. 


6 


June 6. i 


I 28. ( 


5 18. 


6 


.7. 


7 


10. 1 


L Aug. 9. i 


> 21. 


7 


9. 


8 


16. ( 


) 16. ^ 


t 24. 


8 


12. 


9 






20. i 


> 27. 


9 


16. 


10 






24. i 


i 30. 


10 


18. 


11 






28 1 


L Oct. 3. 


11 


21. 


12 






81. < 


> 6. 


12 


26. 


13 










10. 


13 


31. 


14 










14. 


14 


Feb. 10. 


16 










19. 


16 


21. 


14 










27. 


16 


27. 


13 










. Nov. 16. 


16 


Mar. 4. 


12 










20. 


14 


8. 


11 










24. 


13 


12. 


10 










27. 


12 


16. 


9 










30. 


11 


19. 


8 










• Dec 2. 


10 


22. 


7 










6. 


9 


26. 


6 










7. 


8 


28. 


6 










9. 


7 


April 1. 


4 










11. 


6 


4. 


3 










13. 


6 


7. 


2 










16. 


4 


11. 


1 










18. 


3 


16. 













20. 


2 


• • 


• • 










22. 


1 


• • 


• • 










24. 
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CHAPTER XIII. 



OF THE CALENDAR. 



Wte have seen that the year contains not any exact 
number of days, but so many days and a certain 
fraction of a day, (namely, 365d. bh. 48^ 49''.) This 
circumstance occasioned for a long time great per- 
plexity in the computation of the year, and the adjust- 
ment of the calendar. The Egyptians, according to 
Herodotus, were the first who fixed the length of the 
year, making it to consist of 360 diiys, which they 
distributed into 12 months of 30 days each. This 
computation, by omitting more than five days, would 
obviously occasion great confusion, and at a very 
early period it was found, (and the Egyptians claim 
the merit of the discovery, which they attribute to 
Hermes or Thoth,) that the duration of the year must 
be reckoned at 865 days. This, however, still fell 
short of the true year by almost six hours, so that 
four Egyptian years would b^ less^ than four natural 
years by almost one whole day. By this omission of 
one day in four years, the commencement of the civil 
year would gradually fall back in the natural year, 
and shift in the course of time through all the seasons. 
To remedy this great inconvenience, it was enacted 
by the authority of Julius Caesar, that one additional 
day should be introduced into the calendar every 
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fourth yeac, which is called Busextik or Leap Yean 
This additional, day is now placed at the end of the 
month of February, which has, therefore, every fourth 
year, 29 days instead of 28. But in the anqient Ro- 
man calendar, the 6th of the calends of March, cor- 
responding to the 28rd of February, was that year 
reckoned twice over ; hence the year was called 6w- 
$exHlU, The term leap year is derived from the cir^ 
cumstance of its causing the numbers of the days of 
the month to^fall a day later in the week than they 
otherwise would. For as the ordinary year of 365 
days contains S2 weeks aad one day more, the num- 
ber of the month, instead of remaining fixed, to the 
saime day of the week, shifts ordinarily to the follow-^ 
ing day ; but when a leap year occurs, which contains 
two additional day», the number of the month is re- 
moved two days onward in the week. Thus, if the 1st 
of March in one year fall on Monday, it will fall the 
next year on Tuesday ; but if it be a leap year, it will 
leap or pass over Tuesday, and fall on Wednesday. 
' This method of computing the year being introduced 
tind established by Julius Caesar, is from him called 
the Julian calendar. We must now, however, pro- 
ceed to observe, that the Julian calendar proceeds 
upon the assumption that the natural year is 365 days 
6 hours exactly ; but the truth is, it falls short of that 
time by 11 minutes and 11 seconds. In the period, 
therefore, of 129 years, there would be a difference 
between the Julian and the true reckoning, of about 
one day. To rectify this error, and to keep the be- 

o2 
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fourth yeac, whicb ii called Butextik or Zeop Year. 
Tab additional day is dow placed at the end of the 
moBth of Febntuy, which has, therefore, erery fourth 
year, 20 days instead of -Hi. Wul In ihe aucieiit Ro- 
man calendar, the Olh of the calends of March, cor- 
fesponJing to the 23ri! of February, was that year 
reckoned twice over; hence the year was called bit- 
textilU. The term leap year is derived from the cir- 
cumstance of its causing the numbers of the days of 
the moiiih to fall a day later in the week than they 
otherwise would. For as the ordinary year of 3«6 
s contains 62 weeks and one day more, the num- 
^the month, instead of remaining fixed to the 
f of the week, shifts ordinarily to the follow- 
hen a leap year occurs, which contains 
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CHAPTER XIII. 



OF THE CALENDAR. 



Wk have seen that the year contains not any exact 
number of days, but so many days and a certain 
fraction of a day, (namely, 365d. 6h. 48' 49''.) This 
circumstance occasioned for a long time great per- 
plexity in the computation of the year, and the adjust- 
ment of the calendar. The Egyptians, according to 
Herodotus, were the first who fixed the length of the 
year, making it to consist of 360 diiys, which they 
distributed into 12 months of 30 days each. This 
computation, by omitting more than five days, would 
obviously occasion great confusion, and at a very 
early period it was found, (and the Egyptians claim 
the merit of the discovery, which they attribute to 
Hermes or Thoth,) that the duration of the year must 
be reckoned at 865 days. This, however, still fell 
short of the true year by almost six hours, so that 
four Egyptian years* would b^ less^ than four natural 
years by almost one whole day. By this omission of 
one day in four years, the commencement of the civil 
year would gradually fall back in the natural year, 
and shift in the course of time through all the seasons. 
To remedy this great inconvenience, it was enacted 
by the authority of Julius Caesar, that one additional 
day should be introduced into the calendar every 



/ 



BLBMBNTS OF ASTRONOMY* 75 

fourth year, which is called Bissextile or Leap Year, 
This additional, day is now placed at the end of the 
month of February, which has, therefore, every fourth 
year, 29 days instead of 28. But in the anc^ient Ro- 
man calendar, the .6th of the calends of March, cor^ 
responding to the 28rd of February, was that year 
reckoned twice over; hence the year was called 6u- 
sexHlis, The term leap year is derived from the cir- 
cumstance of its causing the numbers of the days of 
the month to'fall a day later in the week than they 
otherwise would. For as the ordinary year of 365 
days contains 62 weeks and one day more, the num- 
ber of the month, instead of remaining fixed, to the 
same day of the week, shifts ordinarily to the follow* 
ing day ; but when a leap year occurs, which contains 
two additional days, the number of the month is re* 
moved two days onward in the week. Thus, if the 1st 
of March in one year fall on Monday, it will fall the 
next year on Tuesday ; but if it be a leap year, it will 
leap or pass over Tuesday, and fall on Wednesday. 
' This method of computing the year being introduced 
and established by Julius Caesar, is from him called 
the Julian calendar. We must now, however, pro- 
ceed to observe, that the Julian calendar proceeds 
upon the assumption that the natural year is 865 days 
6 hours exactly; but the truth is, it falls short of that 
time by 11 minutes and 11 seconds. In the period, 
therefore, of 129 years, there would be a difference 
between the Julian and the true reckoning, of about 
one day. To rectify this error, and to keep the * 
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CHAPTER XIII. 



OF THE CALENDAR. 



Wk have seen that the year contains not any exact 
number of days^ but so many days and a certain 
fraction of a day, (namely, 365d. 5A. 48' 49''.) This 
circumstance occasioned for a long time great per- 
plexity in the computation of the year, and the adjust- 
ment of the calendar. The Egyptians, according to 
Herodotus, were the first who fixed the length of the 
year, making it to consist of 360 dbys, which they 
distributed into 12 months of 30 days each. This 
computation, by omitting more than five days, would 
obviously occasion great confusion, and at a very 
early period it was found, (and the Egyptian^ claim 
the merit of the discovery, which they attribute to 
Hermes or Thoth,) that the duration of the year must 
be reckoned at 365 days. This, however, still fell 
short of the true year by almost six hours, so that 
four Egyptian years' would b^ less^ than four natural 
years by almost one whole day. By this omission of 
one day in four years, the commencement of the civil 
year would gradually fall back in the natural year, 
and shift in the course of time through all the seasons. 
To remedy this great inconvenience, it was enacted 
by the authority of Julius Caesar, that one additional 
day should be introduced into the calendar every 
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fourth yeac, which is called Bissextile or Leap Year* 
This additional, day is now placed at the end of the 
month of February, which has, therefore, every fourth 
year, 29 days instead' of 28. But in the anc^ient Ro- 
man calendar, the 6th of the calends of March, cor- 
responding to the 28rd of February, was that year 
reckoned twice over ; hence the year was called 6is- 
sexHHs, The term leap year is derived from the cir- 
cumstance of its causing the numbers of the days of 
the month to'^fall a day later in the week than they 
otherwise would. For as the ordinary year of 365 
days contains 62 weeks and one day more, the num- 
ber of the month, instead of remaining fixed, to the 
same day of the week, shifts ordinarily to the follow* 
ing day ; but when a leap.year occurs, which contains 
two additional days, the number of the month is re* 
moved two days onward in the week. Thus, if the Ist 
of March in one year fall on Monday, it will fall the 
next year on Tuesday ; but if it be a leap year, it will 
leap or pass over Tuesday, and fall on Wednesday. 
' This method of computing the year being introduced 
and established by Julius Csesar, is from him called 
the Julian calendar. We must now, however, pro- 
ceed to observe, that the Julian calendar proceeds 
upon the assumption that the natural year is 865 days 
6 hours exactly ; but the truth is, it falls short of that 
time by 11 minutes and 11 seconds. In the period, 
therefore, of 129 years, there would be a difference 
between the Julian and the true reckoning, of about 
one day. To rectify this error, and to keep the be- 
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ginning of the year fixed always to the same season. 
Pope Gregory XIII. in 1582, undertook a further 
reformation of the calendar. Finding that the error 
at that time amounted to about 10 days,* which the 
Julian reckoning had counted too much, he ordered 
that 1 days should be struck out of the calendar, by 
calling the 5th of October in that year the 15th. And 
to prevent all variation for the future, it was ordained 
that every hundredth year, which according to the 
Julian arrangement should have been a leap year, 
should be a common year, with the exception, how- 
ever, that with respect to every four hundredth year» 
the old arrangement should remain unaltered. This 
was equivalent to taking from the Julian reckoning 
three days in 400 years, which is nearly the same 
as taking out one day in 129 years. Thus the natural 
and the civil year are brought to so near a corre- 
spondence, that several thousand, years must elapse 
before there will be occasion for any further correction 
of the calendar. 

This method being introduced and established by 
Gregory XIII. is called the Gregorian account, or 
the New Style, as the Julian calendar is now called 
the Old Style, It was immediately adopted in all 
countries where the papal authority was acknow- 
ledged. But it was not admitted into this country 
till the year 1752 ; at which time it was necessary to 

* Reckoning from the year 325, when the Council of Nice fixed 
the vernal equinox to the 2l8t of March. 
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GHAPT£R XIV. 

OF THB PitECBiSION OF THB EQUINOXES ANST THE 

SIDBRfiiE VEAK. 

On » sKgkt inteipeelioa of the <belestia# globe, it witt 
be observed^ ihat the sigM of the eteKptic do^ riot 
correspond in place with those constellations from 
which they take their names. This is owing to a 
circumstance, which yet remains to be noticed, at- 
fending the earth's annitAi motion round the sun. In 
ikt account given sbeve of the phenomeiift of the 
seAeonSf it was stefeed, that the earlih'9 axils always 
ooMMHies ptiLrallel to itseif^ Thiv stetteibeiit is sliffiei^ 
ently accurate for the porptos^ o# what it was bvottght 
to expiain^; but the progress of ouii subjedt now re- 
quires tbttt the statement should be somewhat modi* 
fied : for the strict tnilh is, that, owinjg^^ to the attractive 
power of the moon uikcm the redundant matter about 
the equator, tb& axis of the earth has a very sk)W 
CDnieal raotioa westward, the oentr^ hetnfgSaLed, while 
each pole desetibies' » circle' round an ivIagiiMiry line 
passing through the ceBtre^< p^erperidiooiajr to the* ^lane 
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of the earth's orbit. Thus, let NS (Fig. 11.) represent 
the earth's axis inclined to the perpendicular PR, at 
an angle of 23i degrees, as before shown : Then« if 
the line NS be supposed to turn upon the centre C, 
round the perpendicular PB» so that the arm CN may 
describe the cone CnN, and the arm CS the opposite 
cone CSs, this will represent the slow motion which 
affects the earth's axis« and causes what is called the ' 
Precession of tke Equinoxes. For the necessary effect 
of it is, so to alter the position of the plane of the 
equator, that the points of its intersection with the 
plane of the earth's orbit are shifted continually west- 
ward. This will be best understood by means of the 
following problem upon the celestial globe. 

PROBLEM 

To illmtrate the Precession of the Equinoxes, 

Let the broad - wooden circle represent the plane of 
the earth's orbit, or, which is the same tiling, the 
plane of the ecliptic. Place the axis of the globe 
perpendicular to the wooden circle ; the ecliptic on the 
globe will then make with it an angle of 23i degrees : 
consequently, if the wooden circle represents the eclip- 
tic, the circle which commonly represents the ecliptic 
will now represent the equator, and the two points in 
which this circle cuts the wooden horizon, wiU represent 
the equinoctial points. If the g^obe, in this position, be 
turned slowly round from east to west, it will represent 
that slow motion of the earth by which its axis deviates 
from the self-parallel position, and the effect of which 
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is^ as will be seen by the globe, to remove the equi- 
noctial points in the same direction. 

This motion, however, is so extremely slow, that 
the equinoctial points recede only 50i seconds every 
year, or one degree in about 72 years. It will con- 
sequently be found to require 25,791 years for the 
equinoctial points to perform a complete revolution. 
At the expiration of half this period, that is, in 12,895 
years, the axis of the earth, represented by the line 
NS, (Fig. 11*) ^ill have altered its position to the line 
iw, and instead of pointing to what we now call the 
polar star, will be directed to a point in the heavens 
situated in the constellation Lyra. 

In consequence of this slow motion of the earth's 
axis, the sun comes round from the equinox to the 
equinox again a little before the earth has completed 
Us annual revolution. Hence arises the difference 
between the Tropical and the Sidereal year. The 
Tropieai Year is the time which the sun takes to tra- 
verse the ecliptic from one tropic or equinox to the 
same again, and consists of 365d. 5A. 48^ 49^^ The 
Sidereal Year is the time which the earth takes to 
perform a complete revolution in its orbit round the 
sun, and consists of d65d. 6h, 9^ 12^. The sidereal 
year is therefore 20^ 23^ longer than the tropical year. 

Another effect of this motion is, that the longitude 
of every star increases a little every year; for the 
longitude of a star being its distance from the point of 
the vernal equinox reckoned on the ecliptic eastward, 
that distance must of course be increased by the re- 
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cession of the equinoctial pcnnt westwatd* Hene« 
appears the reason why the signs of Che ecliptic do 
not now correspond in place with the eonsleliatiions 
from which they derive their names ; fdr the constel-* 
latioD Aries, which was formerly the place &i the ver-* 
nal eqainoz, is now 30dejg^ees eastward of it; and th« 
constellation Taurus is in like manner 30 degrees east* 
ward of the second ecliptic sign called hy the liaBfe 
name. Astronomers have thought fit to allow these 
divisions of the ecliptie to retain their or^nal tanlesy 
notwithstanding thie change of place ^hieh the lapse 
of ages has produced. 

The precession of the eqwoezies has be^n vety shil-^ 
fully employed by Sir Isaac Newton itt rectifying the 
system of ancient chronology. Fof thejate oi their 
retrograde motion being kaown^ whenever theif j^aee 
at any remote period is recorded, of wheilever any 
appearance is mentioiie'dy by means of whiioh it BMy 
be ascertained,, the date of that period naay be calccr* 
lated, by observing how far the e<|uinoetial points have- 
receded froni their then situation to. tbeii^ present, and- 
allowing 72 years to every degree; By this method 
Sin I.. Newton has ascertained the time of the Ai'go- 
nautic expeditio»| when there ie* reason to believe the 
artificial sphere was invented; and the remarkable 
agreement of aU the results obtained fifom* diSerftnt 
data, is- a oenvineiag pr4>of of the tnifeli oi fain ecdoiilaH 
tione.* 

• Sad IfneBdefs Leetlues oa History, hatt XIL 
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CHAPTER XV. 



OF THE MOON. 



Having now considered all tbe more important 
particulars which Astronomy teaches respecting the 
globe which we inhabit, we turn our attention to the 
other bodies of the system, and that which claims, as 
being nearest to us, our first notice, is the Moon. 
The quick motions of this luminary, and the rapid 
alterations of its appearance, attracted at a very early 
period the attention of mankind, and furnished the 
earliest standard for the computation of time. An- 
ciently, in many countries, the periods of new and full 
moon were celebrated by festivals, and consecrated to 
the performance of religious exercbes. The interval 
between the changes of the moon gave rise to that 
division of time which is called a month, which was 
at first supposed to consist of 30 days ; and when the 
motion of the moon came to be <;ompared with, and 
adjusted to the motion of the sun, 12 of these months 
were thought to correspond exactly with the sun's 
annual course. Some barbarous nations still measure 
the year by the revolutions of the moon. 

This luminary is now known to be the earth's satel- 
lite, or a secondary planet which revolves round the 
earth as its immediate centre, and attends it in its 
annual journey round the sun. The phases of the 
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moon, or the changes which regularly take place in 
the appearance of its disk, prove that it is an opaque 
body, which shines only by means of light reflected 
from the sun. When the moon is between the earth 
and the sun, her darkened side is turned towards us, 
and consequently she is invisible. In a few days, 
when she has moved a little to the east, we catch a 
view of a small portion of her illumined side, which 
appears in the form of a crescent, the convex side 
of which is turned towards the west, and the cusps or 
horns towards the east. After the lapse of about 71 
days, when she is 90 degrees eastward of the sun, 
half of her illumined side is visible, and she appears 
consequently a half moon. As she continues her 
motion .eastward, she presents more and more of her 
enlightened side to our view ; till at the end of 14i 
days, she is directly opposite the sun, and consequent- 
ly comes to the meridian at midnight, and presents 
the whole of her enlightened side to view. Moving 
on still eastward, she goes through the same changes 
of appearance in a reverse order, till in about 14i 
days from the time of full moon, she again overtakes 
the sun, and becomes invisible. The entire revolution 
is performed hi 29d. 12A. 44' 9>', This period between 
one new moon and the next is called a Lunatwn or 
Synodical Month; and it is carefully to be distinguish- 
ed from another period called the Periodical Month, 
which is the time the moon takes to perform her real 
revolution round the earth, and comprises only 27ci. 
74. 48' b'\ The reason of this difference may be 
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understood from Fi^. 12. Let S represent the sun, 
AB apart of the earth's orbit^ DM, dm, the moon's 
orlMt in two different situatloni^ of the. earth. The 
earth being at A, let the moon be supposed to com- 
mence its revolntion from the point of conjunction, or 
change,. D. If the earth continued in the same place* 
it is evident that the moon would again be in conjunc- 
tion at the end of one entire revolution in its orUt. 
But if, during the moon's revolution, the earth move 
from A to B, the moon, at the end of her revolution, 
will be at d, a point which is not between the earth 
and the sun : it must therefore move on from d to e, 
before it can again be in conjunction. Hence it is, 
that the interval between new moon and new moon 
is somewhat longer than the period of the moon's 
actual revolution round the earth. 

When the moon is at D between the earth and the 
sun, it is said to be in conjunction. When it is at M, 
it is said to be in opposition. At the two intermediate 
points it is said to be in quadrature. These terms are 
used with respect to all the planets, and are usually 
expressed by the following symbols. 

(5 Conjunction. 

8 Opposition. 

D Quadrature. 
A line joining the points of conjunction and opposi^ 
tion is called the line of the Syzygies. 

The orbit of the moon is elliptical, having the earth 
in one of the foci ; but the eccentricity of this ellipse 
is variable. The plane of its orbit is inclined, to that 
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of the earth at an angle of aboat 6^ 9^. To illastrate 
thisy let ABC (Fig. 13.) represent a portion of the 
earth's orbit, and the surface of the paper the plane of 
that orbit. Then, if another circle, as D£FG, be 
drawn to represent the moon*s orbit, that circle, being 
in the same plane or surface with the larger circle, 
will^ not correctly show the position of the moon's 
orbit. But if it be supposed to be cut out of the 
paper, and placed in an inclined position, hinging, as 
it were, upon, the line DF, so that one half, namely, 
DGF, may rise above the level of the paper, and the 
other half, D£F, may sink below it, making with the 
surface of the paper an angle of 5^ d', as shown by 
the intersecting lines at H, it will then furnish a just 
representation of the position of the moon's orbit with 
respect to the earth's. The points D and F, where 
the plane of the moon's orbit intersects that of the 
earth's, are called the Nodes; and they are distin- 
guished from one another by the epithets ascending 
Bnd. descending. The ascending node, F, is the point 
where the moon, moving from west to east, begins to 
ascend above the level of the earth's orbit : the cfe- 
$cending node, D, is the point where she begins to 
descend below that level. The line DF, which joins 
them, is called the line of the nodes; and this line, be 
it observed, is not always pointed in the same direc- 
tion ; for the nodes shift backward or westward, at the 
rate of about 19 degrees every year, so that in the 
course of about five years the line DF will lie in the 
direction £6 at right angles to its former position. 
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The mboti, like die earthy revolves vipon her axis, 
but with a much slowei' moUon, her rotation being 
perfortned iii^ 2M. 12A. 44" 3^%* which is exactly the 
length of lihe lunation or sykiodical month. Hence it 
is that the same side of the moon is always presented 
towards the earth* This, however, is subject to a 
small variation called the moon's HbruHon, which is of 
two kinds. 

The moon's Hbraiion in longitude arises from the 
eircumstance that the periods of her rotation upon her 
axis, and of her revolution in her orbit round the 
earth, though completed in exactly the same time, do 
not correspond in all their parts; her motion on hei' 
axis beiiig always uniform, while that in her orbit is 
vaiiable ; the e&e6t of which is, that we see sometimes 
a litde more of Het western side, sometimes a litde 
more of her eastern, aocordibg as her motion in her 
orbit is accelerated or retarded. 

The lUtraticn in latitude arises from ihe moon's axir 
being inclined to the plane of her orbit; on which ac* 
eoun£ sometimes' one of her poles, sometimes the 
other, is inclined- towards the earlii, and we see more 
or less of the polar regions* 

The moon's distance- from the eiirth is estimated at 
about 287,000 miles. This distance is so small, oom« 
pared with the earth's distance from the sun, the lat- 
ter being about 400 times the former,, that the moon's 
path in space, resulting from her combined motion 
round the earth and round the sun, is not a series of 
looped curves, as might at first be supposed, bat a 

u 
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waving line always eoneate to the sun. To make this 
curious fact intelligible to the learner, let a circle be 
described upon a floor, by means of a string 40 inches 
long, attached at one end to a nail or pin stuck in the 
floor, and having a pencil at the other end for tracing 
the circle. Let this large circle represent the earth's 
orbit round the sun : then, to represent the moon's 
orbit round the earth in the same proportion, a circle 
must be drawn with a radius of not more than 1-IOth 
of an inch, this being the 400th part of 40 inches* 
Let the large circle be divided into 12 equal parts, to 
represent the portions of its orbit which the earth tfu- 
verses in a month,* and conceive that, while the earth 
(represented by a little globe no larger than a grain of 
sand) moves through one of these portions, the moon 
(represented by a still stnaller globe) performs one re-* 
volution round it at the distance of 1-lOth of an inch. 
It will then be understood that the moon's absolute 
track, if marked upon the floor, would be a waving line 
crossing the earth's track 12 times, but never coming 
within it, or goii^g out of it, further than 1-lOth bf an 
inch ; and if lines be drawn, joining the points of inter- 
section with one another, it will be seen that the moon's 
track, even when it comes within the earth's orbit, does 
not reach those lines, and is therefore always concave 



* This is not strictly accprate, for, as 12 lunations are completed 
in 354 days, a 12th part of the earth's orbit exceeds the space 
traversed in a month in the ratio of 365 to 354. It is, howevei^ 
fuffnently accurate for th« purpose ef this illustratioii* 
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towards the sun. This fact is well worthy of notice, 
as serving to convey a just idea of the comparative 
dimensions of the orbits of the earth and moon, and to 
correct the misapprehensions which are apt to arise 
from the false proportions of the diagrams usually em- 
ployed in explanation of the moon's motions. 

The diameter of the moon is estimated at 2180 miles, 
and her solid bulk is hence found to be about l-48th 
part of that of the jearth. 

The surface of the moon is greatly diversified with 
inequalities, and when viewed through a telescope 
presents a most rugged appearance of cavities and 
mountains. The reality of these is proved more de- 
cisively by viewing her at any other time than when 
she is full ; for then the edge or border, which sepa- 
rates the illumined from the darkened portion of her 
surface, presents a singularly broken and jagged ap- 
pearance ; and even in the dark part, near the borders 
of the lucid surface, some small detached spots of 
light may be found, which are evidently the tops, of 
mountains catching the sun's rays, while the lower 
parts around are involved in shade. Tn all situations 
of the moon, moreover^the bright spots are constantly 
accompanied by a triangular shadow on the side op- 
posite to the sun, while the dark spots have an edge 
of light on the same side — a circumstance which 
clearly proves that the former are mountains, and the 
latter cavities. Astronomers have endeavoured to 
calculate the height of these mountains, but differ 
widely in the results they have obtained^ some having 

h2 
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CHAPTER XV f. 

PROBLfi:M» RELATING TO THE MOON. 
PROBLEM I. 

To find the Moon* 8 Place in the Heavens for -xtny given 

Day and Hour, 

In White's Ephemerift will be found a column in 
which the moon's longitude, or piaee in the ecliptic, is 
stated for every day in the year ; and another adjoin- 
ing column which shows her Ai^iltM/e, or distance north 
or south of the ecliptic ; for the moon's orbit» as al- 
ready observed, being inclined to the plane of the 
^rth's orl^it at an a^gie of about 5*^ £K, her motions in 
the heavens will range within that limit on eacb side 
qf the ecliptic* The point thus determined 13 the 
i|)oon'^ place, in the heavens for the ^o<m of the given 
day. But as, by her rapid motion in her orbit^ bet 
longitude increases every hour o^f the day, at the mteaA 
rate of 13<> lO' in 24 hours, it is necessary, when the 
given hour is intermediate between two noons, to cal-' 
culate how much farther she has advanced. For this 
purpose, take the difference between her longitude on 
the given day, and her longitude on the ensuing day : 



• The angle varies from Sfi to 5P IS*. The latter is, therefore, 
sometimes the amount of her latitude. 
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this difference 'being the amount of her advance in 
longitude at that time in 24 hours, shows at what rate 
she is then moving ; and from this rate of motion it 
may easily be ascertained, by the rule of three, how 
far she has advanced in the interval which has elapsed 
since the last noon. For example, I wish to find the 
moon's exact place in the heavens at 10 o'clock in the 
evening of the 4th of March, 1828. The moon's lon- 
gitude for that day, as given in the Ephemeris, is Id® 
28' in Libra; and on the following. day, 28*25' in the 
same sign : the difference, 12° 57\ is the moon's ad- 
vance in longitude between the noon of the 4th, and 
tke noon of the 5th of March. Then, by the role of 
proportion — 

As 24 hours : 12« 67' : : 10 hours : 5** 2d' 45''. 
Thus we obtain the amount of the moon's advance in 
10 hours at this period, which being added to 15® 28', 
gives 20® 51' 45" for her exact longitude at the given 
hour. Her latitude on the same day, accordhig to 
the -Ephemeris, is one degree south. Thus her pre- 
cise situation in the heavenly sphere for the given day 
and hour is determined. 

PROBLEM II. 

To find the MoonCs Situation with respect to the Sun, 
and the Time of her rising, southing, and setting ; 
also her Meridian Altitude, on any given day. 

' Having found th^ moon's plaee a^ above, and 
nmrked it upoa the globe by a small patch, and hav- 
ing ako found the sun's |^ace for the given d.ay, as 
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directed in a former problem, (p. 65.) rectify the globe 
for the latitude, bring the sun's place to the meridiaDy 
and set the index to 12, It may then be observed in 
what situation the moon is with respect to the sud^ 
whether in conjunction, opposition, or quadrature; 
and how far advanced in her sj^nodical revolutioo. 
If her place be eastward of the sun's, it will be ob* 
served, on turning the globe westward, that she will 
rise and set after the sun, and afford the benefit of her 
light in the evening. If her place be toestward of the 
sun's, it will be seen that she will rise and set before 
the sun, and be visible only in the early hours of the 
morning. The patch being brought to the eastern or 
western side of the horizon, the index will show the 
hour of her rising or setting. Being brought to the 
meridian, the time of her southing may in like manner 
be observed, as also her meridian altitude. Or if we 
wish to ascertain her situation with respect to the ho- 
rizon at any given hour, we have only to place the 
globe so as to represent the position of the heavens at 
that hour, according to a former problem, (p. 59.) and 
observe the situation of the patch with respect to the 
wooden circle. 

Here it is not unimportant nor irrelevant to notice 
the beautiful provision which is made by means of the 
moon for compensating the loi\g absence of the sun in 
winter. At the wintef solstice the sun is in Capri- 
corn : the full moon, therefore, which happens then, 
being in the opposite point of the heavens, must be in 
Cancer. It will, consequently, rise to the same ele- 
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vation, and describe as large a circuit above our hori- 
zon as the sun in summer^ thus affording us the long- 
est duration of moonKght at a time when we need it 
most. On the contrary, at the summer solstice the 
moon is full in Capricorn : like the sun in winter, there- 
fore, she pays us only a short visit, and rises to a 
small elevation ; but the shortness of the nights en- 
ables us at this time to dispense with her Hght with 
the least inconvenience. This provision is more re-* 
markable still with respect to the polar regions, where 
the moon continues above the horizon during half of 
her monthly revolution. For let the globe be recfi^ 
fied for the north pole, or {daced in that position whidi 
is called a parallel sphere, (see p. 32.) and let the sun 
be supposed in the first of Capricorn, which is its 
place at the winter solstice ; it will then appear by in- 
specting the globe, that the moon will become visible 
to that part of the world when entering upon her 
second quarter in Aries, and that she will continue 
above the horizon during all the period of her greatest 
illumination, till she enters upon hef last quarter in 
Libra, thus affording to those dreary regions the ut- 
most benefit of her light, at a time when the sun's 
long absence renders it most necessary. 
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CHAPTER XIII. 



OF THE CALENDAR. 



Wis haye seen that the year contains not any exact 
number of days, but so many days and a certaia 
fraction of a day, (namely, 365(1. 5A. ^ 49''.) This 
circumstance occasioned for a long time great per- 
plexity in the computation of the year, and the adjust- 
ment of the calendar. The Egyptians, according to 
Herodotus, were the first who fixed the length of the 
year, making it to consist of 360 dfitys, which they 
distributed into 12 months of 30 days each. This 
computation, by omitting more than ^ve days, would 
obviously occasion great confusion, and at a very 
early period it was found, (and the Egyptian^ claim 
the merit of the discovery, which they attribute to 
Hermes or Thoth,) that the duration of the year must 
be reckoned at 365 days. This, however, still fell 
short of the true year by almost six hours, so that 
four Egyptian years would b^ less than four natural 
years by almost one whole day. By this omission of 
one day in four years, the commencement of the civil 
year would gradually fall back in the natural year, 
and shift in the course of time through all the seasons. 
To remedy this great inconvenience, it was enacted 
' authority of Julius Caesar, that one additional 
^uld be introduced into the calendar every 



/ 
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fourth yeac, which is called .Bissextile or Leap Year* 
This additional, day is now placed at the eiid of the 
month of February, which has, therefore, every fourth 
year, 29 days instead of 28. But in the anqient Ro- 
man calendar, the 6th of the calends of March, cor- 
responding to the 28rd of February, was that year 
reckoned twice over ; hence the year was called biS" 
sexHHs. The term leap year is derived from the cir-* 
cumstance of its causing the numbers of the days of 
the month to'^fall a day later in the week than they 
otherwise would. For as the ordinary year of 365 
days contains fi2 weeks and one day more, the num- 
ber of the month, instead of remaining fixed, to the 
same day of the week, shifts ordinarily to the follow- 
ing day ; but when a leap year occurs, which contains 
two additional days, the number of the month is re^ 
moved two days onward in the week. Thus, if the 1st 
of March in one year fall on Monday, it will fall the 
next year on Tuesday ; but if it be a leap year, it will 
leap or pass over Tuesday, and fall on Wednesday. 
' This method of computing the year being introduced 
tmd established by Julius Caesar, is from him called 
the Julian calendar. We must now, however, pro- 
ceed to observe, that the Julian calendar proceeds 
upon the assumption that the natural year is 365 days 
6 hours exactly ; but the truth is, it falls short of that 
time by 11 minutes and 11 seconds. In the period, 
therefore, of 129 years, there would be a difference 
between the Julian and the true reckoning, of about 
one day. To rectify this error, and to keep the be 

6 2 
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CHAPTER XIII. 



OF THE CALENDAR. 



W& have seen that the year contains not any exact 
number of days^ but so many days and a certain 
fraction of a day, (namely, 365d. 5A. 48^ 4S^\) This 
circumstance occasioned for a long time great per- 
plexity in the computation of the year, and the adjust- 
ment of the calendar. The Egyptians, according to 
Herodotus, were the first who fixed the length of the 
year, making it to consist of 360 dkys, which they 
distributed into 12 months of 30 days each. This 
computation, by omitting more than five days, would 
obviously occasion great confusion, and at a very 
early period it was found, (and the Egyptian^ claim 
the merit of the discovery, which they attribute to 
Hermes or Thoth,) that the duration of the year must 
be reckoned at 365 days. This, however, still fell 
short of the true year by almost six hours, so that 
four Egyptian years would b^ less^ than four natural 
years by almost one whole day. By this omission of 
one day in four years, the commencement of the civil 
year would gradually fall back in the natural year, 
and shift in the course of time through all the seasons. 
To remedy this great inconvenience, it was enacted 
by the authority of Julius Caesar, that one additional 
day should be introduced into the calendar every 
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shadow, the moon appears for a few moments like a 
dark roand spot cohering the centre of the sun, but 
leaving its outer edge visible in the form of a luminous 
ring. This phenomenon, whi<ih is of very rare occur- 
rence, is called an annular edipse, from anTiulus, the 
Latin word for ring. But though, according to what 
has just been observed, an eclipse of the sun caii 
never be seen totai at the same instant over a greater 
extent of the earth than a space of 180 miles in 
breadth, yet the same eclipse may be seen partially 
to a wider extent. For the moon's proper shadow 
is surrounded, as shown in the figure, by a fainter 
diverging shadow^ called the penumbra, bounded by 
lines from the extremities of the sun's disk touching 
the alternate sides of the moon. To all inhabitants of 
the earth who are within this penumbra, but out of the 
limits of the dark shadow, the moon's body will inter- 
cept from view a part only of the sun's disk, and the 
further a spectator is situated within the bounds of the 
penumbra, the greater will be the portion of the sun's 
body hidden from his view. The breadth, however, 
of the penumbra never much exceeds half the earth's 
diameter; so that an eclipse of the sun may often 
happen without being seen by many even of those 
inhabitants of the earth who have the sun at the time 
above their horizon : on the contrary, an eclipse of the 
moon cannot happen without being visible at once to 
all that hemisphere of the earth which is turned towards 
the moon during the eclipse. 
The usual number of eclipses in the year is four, 

I 
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two of each luminary ; for in the course of the revo« 
lution of the earth and inoon round the sun, each node 
must be presented once at least to the sun, and on 
these occasions an eclipse of each luminary majfy and 
usually does, take place. . But there is this difference 
between the sun and moon, that on these occasions 
there must be an eclipse of the former, and there nunf 
be none of the latter ; for the limits within which a 
solar eclipse may take place, are, as before stated, 17 
deg;ree3 on each side the node, making an extent of 
34 deg;rees altogether ; and as the siin, ia its appiMrenl 
annual revolution round the earth, takes more thaa 
a month to traverse this space,* the moon ntful come 
between the earth and sun while the sun isi within 
these limits ; but the limits within which a lunar 
eclipse may take place, are only 12 degrees on each 
side the node, or 24 degrees in all ; and as the sua 
takes less than a month to move through that portion 
of its apparent orbit, it is possible for one opposition 
to take place a little brfore it gets within these limits, 
and the next a little after. If, therefore, there are 
only two eclipses in the year, they must both be 9olar 
eclipses. 

. Sometimes, l^ow^ver, tiiere are six eclipses in the 
year, and this n^ay happen in two ways. First, an 

■ 

* The effisct is precisely the same, whether the earth revolve 
round the sun, or the sun round the earth ; but, though th^ real 
motion is in the earth, the present subject will perhaps be better 
understood, if the sun be conceived as revolving round the earth in 
an orbit which includes the moon's. 
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eblipse of the sun may take place just after the sun 
has entered the solar ecliptic limits, in which case the 
moon will come round again to the point of conjunc- 
tion, and cause a second eclipse, a little before the sun 
has left those limits,* and in the mean time it will 
itself suffer an eclipse at the time of opposition. Thus 
at each node there may be two eclipses of the sun, and' 
one of the moon, making four of the sun and two of 
the moon in the course of the year ; but in this case the 
solar eclipses will be small, by reason of the 8un*s 
distance from the node; and the lunar ones large, 
because they will take place at or very near the node. 
The six eclipses may happen also in another manner, 
thus: It has been observed that the nodes of the 
moon's orbit are not stationary, but move backward 
or westward at the rate of about 19 degrees in a 
year. By reason of this, it b possible for one of the 
nodes to be presented to the sun twice in the year, for 
%y moving in a direction contrary to the sun's apparent 
annual motion, they come, as it were, to meet the sun^ 
so that the sun returns to the same node as many days 
before the end of the year, as it would take to move 
through 19 degrees, that is, about 19 days. Thus, in 
the course of the year, three of those occasions are 
afforded on which an eclipse of each luminary may 
take place, so that there may be three eclipses of the 
sun, and three of the moon. 

* For the time of one lunation is five 6ajb less than the time 
which the sun takes to move through 34 degrees. 

I2 
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But if^ when the ttvf j^ nodes arei preseateJ once only 
to the suir^ three eclipse^ may take place at each> mak- 
ing six in the course of the y^ar, ifhy loay there not 
be nine eclipses in the year, in th^ case when one of 
the nodes is presented, to the sun a second time ? ' This 
cannot be, because, asi before observed^ the case of 
three eclipses l^appening at each node requires thftt the 
sun should be only just entered within the solat eclip- 
tic limit at the commencement of the year, and in this 
case, thoQghf by reaspn of the retrograde motion of 
the nodes, he may again enter the sam^ limit before 
the end of the year« apd cause a fifth solar eclipse, 
yet this inust happien so late in the year as not to allow 
of a lunar eclipse after it : for a fifth solar Eclipse can 
happen only at the end of 12 lunations^ or at the last 
change of the ii\o6n cpiinprised within the year; ^and 
12 lunations, or 354 days, leare only 11- days to the 
end of the' year, which time is not sufficient 'for the 
moon to come round agaipi to the point of oppoution> 
where it must be in order to suffer an eclipse. The 
greatest possible number of eclipses, therefore, which 
the year can comprehend, is seven^ namely, five of the 
sun and two of the moon. 
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CHAPTER XVIIT. 



OF THE TIDES. 



Besides occasioning the striking phenomena of 
eclipses, the moon is the chief agent in producing 
a more ordinary, but not less wonderful eraect, which 
we observe in the alternate flux and reflux of the 
ocean. The ancients had remarked that these mo- 
tions of the ocean were in some wky connected with 
the moon ; but the first who clearly demonstrated 
the cause of this phenomenon was Newton. He has 
shown it to be one of the effects of that great law 
of attraction which pervades the universe, the sun 
and moon, but chiefly the latter, being the attracting 
powers which act upon the ocean. To illustrate this 
subject, let us suppose the earth to be entirely co- 
vered with water, as represented in Fig. 16. Then, 
supposing no other body were near to disturb the force 
of gravitation, the waters would be every where 
equally attracted towards the centre of the earth, and 
would, therefore, form an exact spherical surface. 
But let the moon, M , be placed at such a distance as 
to exert her attractive influence upon the waters, and 
they will be drawn towards her, and rise above their 
level at Z; while the waters at A and D will be 
drawn away to supply the redundaiicy at Z, and at 
those places it will be low water. But it is known 

I 3 
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by experience that when the waters at Z are elevated, 
those in the opposite point N are likewise elevated ; 
for we have high water twice in every diurnal revo- 
lution of the moon. In order to account for this, it is 
necessary to observe that the power of gravity, by an 
universal law, diminishes as the square of the distance 
increases. The waters, therefore, at Z, will be more 
strongly attracted by the moon, M, than the centre of 
the earth, G, the effect of which will be, that the dis^ 
tance between Z and G will be increased, and the 
waters at Z will rise* The centre G, likewise, being 
nearer the moon ihan the waters at N, will be mpre 
strongly attracted, and the effect will be,, that the 
waters at N will gravitate wiih leu foroe towards the 
centre, and will consequently rise above their natural 
leveL Thus it is that the moon's attractive power 
produces a tide at each of the two opposite points Z 
and N at the same time. These tides succeed each 
other at intervals of 12 hours 24 minutes, for, as be* 
fore observed, there are two tides in each diurnal re* 
volution of the mooA^ which, revolution, by reason of 
her rapid motion id her orbit, occupies- 24 hours 4& 
minutes. It should, however, be observed^ that high 
water, does not take place precisely at the time of the 
moon's passing the meridian, but usually' about three 
hours after, the impulse of the moon's attriiction r^ 
quiring that time to produce it» full effect upon the 
waters. Add to this, that various local circmnstancev 
delay the tides, so that at some places the interval 
between the moon's coming to the meridiaD,. and the 
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tide which she produces, is considerably greater tfaaa 
that which has been mentioned. 

But the sun has also some degree of influence in 
the production of the tides, though less than that of 
the moon, on account of his greater distaace ; and 
hence may be derived an explanation of the difference 
in the height of the tides at different periods. Sir 
Isaac Newton has computed that the force of the 
moon is adequate to raise the waters in the ocean 10 
feet, whereas that of the sun is adequate to raise them 
only 2 feet. Now at the new and full moon these 
forces of the sun and moon act in concurrence, and 
their joint power will be equal to the sum of the se- 
parate powers, that is, it will raise the waters 12 feet> 
But when the moon is in quadrature, their forces coun* 
teract each other, and the effect produced upon the 
tides lil^ill be ^ual to the difference of the separate 
forces, that is, the tides will be raised only 8 feet 
The former are called spring tides, the latter neap tidesy 
each of which happens every fortnight, because that 
is the interval between new and full moon. The 
spring tide» themselves, moreover, are greater ai 
some times than at others ; the reason of which is, 
that the sun add mooA, from causes already ex- 
plained, are not always at the same distance fr6m the 
emrth, and that the moon, when in the equator, pro- 
duces a grefaler swell, by reason of the earth's spher- 
oidal form. The highest tides are those which hi^- 
pen a little hefot^ the tefnaUp arid a little after the 
aiUmmal eqtinox; thai is» obcfiA the time of emck 
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« 

equinox, because the moon is then in the equator, but 
on the winter side of each, because the earth is nearer 
to the sun, and the sun's attractive power, therefore, 
is g;reater in winter than' in summer. It should be 
observed, however, that both the height of the tides 
and the time of their happening, are much affected by 
various local circumstances, such as shallows, rocks, 
islands, and narrow passages, which often produce 
results differing very widely from the theory. The 
tide is in general found to rise highest in long chan- 
nels or inlets of the sea, which present a wide entrance 
towards the ocean, but gradually contract to a narrow 
passage. Such is the Severn, where the tide rises to 
a height of 30 or 40 feet. At St. Malo, from a like 
cause, the height of the tides is 50 feet, and at Anna- 
polis, in the Bay of Fundy, as much sometimes as 
100 feet But in seas confined within land, and com- 
municating with the ocean only by a narrow strait, 
such as the Baltic and the Mediterranean, the tides 
are scarcely perceptible, because their narrow inlets 
do not admit of so quick a reception and discharge 
of water. The tides, moreover, happen at various 
hours in different places ; for they may be considered 
as great waves, generated by the influence of the 
moon in the wide ocean, and rolling thence in various 
directions along the coasts of the continents, filling 
the bays and rivers successively in their progress. 
The tide generated in the Atlantic ocean, corresponds, 
in point of time, to the general law already stated ; for 
it is high water on the coasts of Spain^ Portugal, and 
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the west of Ireland, about the third hour after the 
moon has passed the meridian. But on reaching the 
British islands, it is divided into three streams, one of 
which flows up the English Channel, another up St. 
George's Channel, sEnd the third round the north of 
Ireland and Scotland. The first reaches Plymouth 
6 hours after the moon has passed the meridian, 
Portland 8} hours, Dovot 111 hours, and the Nore 

12 hours. The second, which ftows through St 
George's Channel, arrives at Cork 6-| hours after the 
moon has passed the meridian, at Dublin 9} hours, at 
Liverpool 11{ hours; wJbule the stream which flows 
round by the nortb .of Ir^and and Scotland, arrives 
from the Atlantic at Caiymesa Point ia 9 hours from 
the same period, at Aberdeen in somewhat less than 

13 hours, at Flamborojigh Head in 16 hours, at Yar- 
mouth iff about 22. hours, and at the Nore in 24, 
where it meets the first stream which came from the 
Atlantic up the English Channd in 12 hours. In 
long rivers there are sometimes two or more tides 
pursuing one another at different points along their 
channel. Thus in, the great river Amazons, the tides 
are perceived at Pauxis, 500 miles from the sea, after 
an interval of several days spent in their passage up ; 
and within this space, it is said, there are not less 
than seven tides following one another at regular dis- 
tances at the same time. 
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CHAPTER XIX. 



OF THE HARVEST MOON. 



As the moon moves towards the east at the rate of 
about 12P a day» the time of her rising is about 50 
minutes later on an average every successive day. At 
the equator this is uniformly the difference in the time 
of her rising; but in places of considerable latitude, 
th6 intervals between her times of rising vary from 17 
minutes to 1 hour 15 minutes. This is owing to the 
different angles which the moon's path makes with the 
horizon ; for as the moon's path nearly coincides with 
the ecliptic, it will be seen, by inspeeting the globe, 
that that part of her path which is adjacent to Aries, 
makes a much more acute angle with the eastern hori* 
son, than that which is adjacent to Libra. The oon- 
sequence of this is, that the former part rises much 
more rapidly than the latter ; and therefore the same 
advance of the moon in the former part makes a much 
less difference in the time of her rising than in the 
latter. To illustrate this, let small patches of paper 
be fixed at the distance of every 13 degrees on the 
ecliptic of a celestial globe, to represent the moon's 
situation on successive days. Then, the globe being 
rectified for the latitude of the place, by turning it 
westward, it will be seen that the marks in Pisces 
and Aries appear above the eastern side of the horizon 
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in very quick succession, while those in Virgo and 
Libra appear with more considerable intervals, which 
shows that the same advance of the moon in her orbit 
makes a much smaller difference in the successive 
times of her rising in the former situation than in the 
latter. Now the former is the situation of the full 
moons which happen in autumn, because the sun 
being then in the signs Virgo or Libra, the moon at 
the time of her opposition will be in Pisces or Aries. 
The full moon thus rising for several successive even- 
ings nearly at the same hour, that is, at intervals of a 
quarter of an hour, during the period of harvest, is 
called the Harvest Moan. The same circumstance in 
her time of rising must )iappen, be it observed, every 
month, because every month she passes through the 
signs Pisces and Aries ; but as it is only in autumn 
that it coincides with the time of full moon, it is only 
tl^en that the phenomenon is particularly remfirked* 
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CHAPTER XX. 



OF THE SUN. 



That body in the system which next claims our 
attention, is the Son. It has already been shown that 
this great luminary is situated in the centre of the 
system to which our planet belongs, and is the source 
of light and heat to the whole; and its apparent 
diurnal and annua! motions have been accounted for 
by the real diurnal and annual motions of the earth. 
It only now remains, therefore, to state some particu- 
lars relating to its bulk, and its real motion upon its 
axis. Its diameter is estimated at about 883,000 miles, 
which is more than 111 times the diameter of the 
earth. In solid dimensions, therefore, it is more than 
a million times larger than the earth.* It reyolves 
upon its axis in about 25 days 10 hours. This fact 
has been determined by means of certain spots which 
have been observed on the sun's disk, which first make 
their appearance on the eastern side, then by degrees 
advance towards the middle, and so pass on till they 
reach the western edge, and then disappear. When 



* Spheres and all other regular and similar solids are to each 
other as the cubes of their diameters. The diameters, therefore, 
of the earth and sun being as 1 to 111, their solid dimensions will 
be as 1 to 1,367,631: 
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they have been absent for nearly the same period 
during which they were visible, they appear again as 
at first, finishing their apparent circuit in 27c/. Ih. 37", 
which, allowing for the earth's advance during that 
period in the same direction, gives 25d. iOh. for the 
time of' their real revolution. The sun's axis makes 
an angle of 7^ 20^ with a perpendicular to the plane 
of the earth's orbit. " 

Various have been the speculations of astronomers 
respecting the cause and nature of those spots which , 
have been mentioned as appearing occasionally on his 
disk. The opinion of Dr. Herschel is, that this great 
luminary, which we are prone to consider as a vast 
mass of fire, is an opaque body, like the earth and 
planets, but surrounded by a sort of luminous atmo- 
sphere, which is the source of light and heat to the 
planetary system, and that the spots in question are 
nothing else than openings in thU luminous atmosphere, 
which afford us a view of the sun's dark body under- 
neath. But this opinion, though sanctioned by so 
high a name, and therefore entitled to some attention, 
can be considered only as a conjecture ; and perhaps 
the subject itself is one of those on which we must 
for ever remain in ignorance. 
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CHAPTER XXI. 

OF THE INFERIOR PLANETS. 

The planets Mercury and Venus are called mferiar 
planets, because their orbits are included within that 
of the earth. This is evident from their appearances 
and motions ; for they are never seen in opposition to 
the sun, nor even in quadrature, but accompany the 
sun in his annual course, moving alternately to .the 
east and west of him, but never exceeding a certain 
limits which is called their greatest elongation. When 
they are to the eastward of the sun, they rise and set 
after him, and, if sufficiently distant from him, may be 
seen in the evening a little after sunset : they are then 
called evening stars, When th«y have attained their 
greatest elongation eastward, they appear for a time 
stationary, and then begin to retrograde or move back- 
ward towards the west. When they have passed the 
sun, and reached a sufficient distance to the west, they 
riso and s^t before him, and being visible only in tim 
morning before sunrise, are then called morning start. 
Having reached the same elongation or distance from 
the sun in this direction, they again seem stationary, 
till they have resumed their direct motion towards the 
east, when they again pass the sun, and appear east- 
ward of him as before. These appearances will be 
easily explained by referring to Fig. 17. Let S re« 
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present tbe sun, E the earth, ABCD the orbit of an 
hiferior pldnet, and RF a portion of the starry sphere. 
At A the planet is viewed along the line £A, and 
appears in the heavens at F, while the sun is viewed 
along the line ES, and appears in the heavens at G. 
This, Ihen, is the situation of the planet when at its 
greatest elongation westward, for it evidently cannot 
go 10 that direction beyond the limits of the line £F l 
and its motion in its orbit at this point, being nearly in 
a direct line from the earth, will cause for a while no 
perceptible change in its apparent place in the heavens. 
Hence it is that the planet, when at its greatest elon* 
gation, appears for a time stationary. Moving on in 
its orbit from A to B, it will appear to approach the 
sun, and when arrived at B, supposing the earth to 
have remained stationary* at £, it will be in a direct 
line beyond the sun, and therefore invisible. Here it 
is said to be in its superior conjunction. When arrived 
at C, supposing still the earth to be stationary, it will 
appear in the heavens at H, at its greatest elongation 
eastward ; and here, again, its motion, being nearly in 
a direct line towards the earth, will be scarcely percep- 
tible. Moving from C through D to A, it will appear 
to retrograde in the heavens from H to F, and at D it 
will again be in the same direction as the sun, in what 
is termed its itiferior conjunction. When arrived at 
A, it will be, as before, at its greatest elongation west- 
ward. Thus if the earth were stationary at £, the 
planet, by its motion round the sun, would always 
appear to traverse the same arc in the heavens, going 

K 2 
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backwards atid forwards coDtioually between the same 
limits H and F. But as the earth has also a motion 
in its orbit in the same direction with the planet, though 
slower, the points of the planet's stationary appear- 
ances are continually removed farther and farther 
towards the east, and its eastward or direct motion is 
continued longer and farther than its westward or 
retrograde. Thus, if the earth inove from £ to I, 
while the inferior planet moves through the more re- 
mote part of its orbit, the place of its stationary 
appearance on the eastward side of the sun will evi* 
dently be removed as far ab R; and if the earth's 
place be changed to L, while the planet describes the 
nearer part of its orbit, the planet will appear to have 
retrograded only as far ' as M. The inferior planets, 
being never in opposition, never appear full*orbed or 
round, but show only a part of their enlightened side, 
sometimes like a half-moon,' sometimes in the form of 
a crescent. These appearances, however, are visible 
only by the aid of a telescope. 

Of the two inferior planets, MerfBury is that which 
revolves nearest the sun. He is distinguished by a 
bright white light; but is generally so near to the sun^ 
as to be seldom seen, his greatest elongation being 28 
degrees, 20 minutes.* His distance from the sun is 
computed at 37,000,000 miles, and the time of his 

* It should be observed, however, that the planet does not always 
recede quite to this distance from the sun before it begins to return. 
Its elongation varies from 18 to 28) degrees, and this is owing to 
the elliptical form of its orbit. A'similar remark may be applied 
to Venus, 
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periodical revolution, or the length of his year, is 87 
days 23 hours. He is the least of all the primary 
planets, his diameter being 3,224 miles, and his mag- 
nitude about 1- 16th of the magnitude of the earth. But 
being seldom seen on account of his nearness to the 
sun, and no spots appearing on his surface or disk, the 
time of his diurnal rotation and the inclination of his 
axis to the plane of his orbit, are not fully ascertained.* 
His orbit is inclined seven degrees to the plane of the 
earth's orbit. Thus, in Fig. 18, let the outer circle 
represent the earth's orbit, the plane of which is the 
surface of the paper; then the inner circle ABGD, if 
it be supposed raised on one side, and depressed on 
the other, may represent the orbit of Mercury, the 
inclination of which is shown by the intersecting lines 
below, where the two orbits are supposed to be seen 
edgeways. A is the ascending node, which is directed 
towards the 15th of Taurus; C the descending node, 
which is of course directed to the opposite point in the 
heavens, namely, the 15th of Scorpio. When Mer- 
cury is in either of these nodes at the time of bis 
inferior cohjunction, that is, when he passes between 
the earth and the sun, he appears like a dark round spot 
crossing the sun's disk. This phenomenon is called a 
iranntf from the Latin word transUuSf a crossing or 
passing over. His conjunctions, when not in the 
node, are invisible, because he passes either above or 
below the sun. The light and heat which this planet 

* According to Schroeter, he revolves in 24ik. ^ 28'^ 

K 3 
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receives from the son, are computed to be about seven 
times more than the earth receives. 

Venus, in her appearance to us, is the brightest and 
largest of all the planets, and when viewed through 
a telescope, she is seen, like Mercury, with all the 
various phases of the moon. Her greatest elongation, 
or apparent distance from the sun, is 47® 48^. When 
she appears west of the sun, she rises before him in 
the morning, and was then called by the ancients. 
Phosphorus, Lucifer, or the Morning Star; aiid when 
she appears to the east of the sun, she shines in the 
evening after he is set, and was then called by the 
ancients, Hesperus, or the Evening Star; being in 
each situation alternately for 290 days.* The time of 
her apparent revolution round the sun is therefore 
290d, X 2, or 580 days ; but her actual revolution is 
performed in 224 days 17 hours, for the earth going 
round the sun in the same direction with Venus, though 
at a slower rate, causes her revolution to appear longer 
than it really is. The distance of Venus from the sua 
is computed to be 68,000,000 miles; her diameter 
7687 miles.f Her diurnal rotation upon her axis is 

« « Tbe Evening and Morning Star, or the Hespems and Phoft. 
phorus of the Greeks, were at first supposed to be difibrent Tbe 
discovery that they are the same is ascribed ta Pythagoras."— 
Playfair's Outlines of Natural Philosophy, toI. ii. p. 157, 

f This is the common estimate ; but according to the recent 
observations of Dr. Herschel, the diameter of Venus somewhat 
exceeds that of the earth, being 8648 miles. — See Brewster's 
edition of Fei*guson's Astronomy, vol. ii. p. 108. 
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performed in 23 hours 21 tuintites* Her orbit is in** 
clitied to the plane of the ecliptic at an angle of 9* 23". 
The position of her axis with respect to her own orbit 
is not ascertained. Transits of this planet also take 
place in circumstances similar to those of IVf ercury ; 
that is, when the time of her inferior conjunction coin-^ 
cides with that of her being at or near the node ; but 
this is a conjuncture which rarely happens.. The last 
transit of Venus was in 1769 ; the next will not talce 
place till 1874. 






CHAPTER XXII. 

OF THB SUPERIOR PLANETS. 

The Superior Planets are those which revolve round 
the sun at a greater distance than the earth, and whose 
orbits, therefore, include that 6f the earth. This is 
evident from the fact that they are often seen in oppo- 
sition. Their apparent motions in the heavenly sphere 
are similar to those of the inferior planets; that is, 
they sometimes move eastward, which is called their 
direct motion, sometimes westward, when they afe 
said to be retrograde, and appear stationary at each 
change of their direction; their eastward or direct 
motion being always continued longer and further than 
their westward or retrograde. The explanation, how- 
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ever, with respect to them is somewhat different from 
that which has already been given with respect to the 
inferior planets. Let £, (Fig. 19.) represent the earth 
ill its orbit, M, Mars or any other superior planet in 
its orbit, and AG, a portion of the apparent sphere of 
the heavens. While the earth moves from E through 
D to e, the planet M, supposing it to be stationary at 
that point, would appear to move backward in the 
heavens from B to A; and by the earth's motion 
through the remainder of its orbit «F£, the planet 
would appear to return from A to B again. At each 
'change of its direction, also, the planet M would 
appear stationary, because the earth at E is moving 
nearly in a direct line towards the planet, and at e 
nearly in a direct line from the planet. It is then 
evident that, if the planet were stationary at M, it 
would nevertheless appear, in consequence of the 
earth's motion, to move backwards and forwards in 
the heavens between the limits A and B. The planet, 
however, not being stationary, but moving in the same 
direction with the earth, though much more slowly, 
the effect is, that it moves further eastward than west- 
ward, and the points of its stationary appearances are 
continually removed further towards the east. Thus, 
if, while the earth moves in its orbit from e through 
F to E, the planet also moves from M to m, it will 
appear to have advanced in the heavens from A to C; 
and as the planet continues its eastward motion, while 
the earth describes the nearer part of its orbit, from 
£ through D to e, its apparent retrograde motion will 
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be thereby retarded and shortened, so as not to 
extend so far as the point 6. 

The Superior Planets are eight in number, namely^ 
Mars, Vesta, Juno, Ceres, Pallas, Jupiter, Saturn^ 
and Uraniis. 

Mars is distinguished from all the other planets by 
his dusky }ed colour, iB^hich is supposed to be owing 
to his being encompassed with a dense atmosphere. 
He appears much larger when in opposition than 
when near his conjunction, because in the former case 
he is nearer to the earth, by the entire diameter of the 
earth's orbit. His apparent diameter in opposition is 
17 seconds ; in conjunction only about 4 seconds* 
His distance from the sun is 144,000,000 miles, his 
diameter 4189 miles, and his magnitude about 1-7 th 
of that of the earth. He revolves on his axis in 24 
hours 99 minutes, and performs his revolution round 
the sun in 1 year 321 days 22 hours. The inclination 
of his orbit to the plane of the ecliptic is V* 51', and 
the place of his ascending node about 18<^ in Taurus. 
The tnclmation of his axis to the plane of his own^ 
orbit is 59<> 22^, that is, dO^ dS' from the perpendicular, 
so that this planet has a change of seasons similar to 
that of the earth. 

Between the orbits of Mars and Jupiter revolve four 
small planets, invisible to the naked eye, which have 
been discovered only since the commencement of the 
present century. They have i^eceived the names of 
Vettay JunOf Ceres, and Pallas. The size of the two 
former is not ascertained, but the diameter of Ceres^ 
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according to Herschel, is only W2 miles, and l^at of 
Pallas 147. They revoWe at no great distance from 
one another, between the Umits of 225 and 263 mil- 
lions of miles from the sun, in orbits so eccentric that 
they cross one another. They are remarkable also for 
the great inclination of their orbits to the plane of the 
ediptic ; that of Pallas having an inclinafion of .34f 
degrees, which is far beyond the limits of the zodiac. 

Jupiier, the next planet in the system, is conspic* 
nous in the heavens by his size and brilliance, being 
inferior in these respects to none but Venus. In real 
size, however, he is by far the largest of all the plan- 
ets, his diameter b^ng not less than 89,170 miles, 
and his magnitude 1400 times that of the earth. His 
distance from the sun is 490,000,000 miles, and he 
performs his revolution in 11 years 315 days. Hia 
diurnal rotation is remarkably rapid, being completed 
in 9 hours 56 minutes ; and it is owing probably to 
this rapid motion, that his figure is much more oblate, 
or flattened at the poles, than that of the earth. His 
axis is nearly perpendicular to the plane of his orbit, 
so that he has no diversity of seasons. The incfina* 
tion of his orbit to the plane of the ecliptic, is 1^ 19', 
and the place of his ascending node about S^ in Can- 
cer. When viewed through a telescope, he appears 
surrounded- by faint streaks called zones or belts, the 
nature or cause of which is wholly unknown. 

Jupiter is attended by fojir satellites, or secondary 
planets, which revolve round him as the moon re- 



SUUiKNTS OF ASTRONOMY. U9 

voices rooad the earthy but with much greater rapiji^y* 
Their distanees aad periodic times are as follows : — 

SateUitt. DiBtanec from Jnplter. Periodic Tim«. 

1st. 254,000 ld.lSh. 27' 33' 

2d. 404,000 3 13 13 42 

3d. 644,000 7 3 42 33 

4th, . 1,134,000 16 16 32 8 

These satellites are invisible to the naked eye. They 
were discovered by Galiteo, in the year 1610, imme- 
diately after the invention of the telescope, and by 
him were called the Medicean stars, in honour of the 
house of Medici. These satellites are subject to fre- 
quent eclipses analogous to those of our moon, and 
the observation of these eclipses is important, as af- 
fording the means of ascertaining the longitudes of 
places on the surface of the earth, the method of 
doing which is as follows. 

The times of these eclipses being first calculated 
for the meridian of Greenwich, and stated in the 
Ephemeris or Nautical Almanack, the observer on an 
unknoim meridian, has only to notice the time at 
which an eclipse appears to him, and by comparing 
this time with that at which the eclipse is visible at 
Greenwich, he obtains the difference of time between 
Greenwich and the place where he is situated, and 
from this difference of time he may easily calculate, 
in the manner already mentioned, his longitude. Thus, 
if the observer witnesses an eclipse of a satellite at 
11 o'clock at night, and finds by the Ephemeris thftt 
the same eclipse is visible at Greenwich at 12, he 
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kflowa that the longitude of the place of ohservation 
is 15 degrees west. 'This is one of several methods 
by which longitude may be ascertained ; but owing to 
the nicety of observation which it requires^ it cannot 
be much practised at sea.* 

By means of these eclipses another important fact 
has been ascertained, namely , the progressive motion 
and velocity of light. It was formerly believed 
that light traverses space instantaneously ; but when 
it was observed that the eclipses of Jupiter's satellites 
happen sooner than the computed time when the earth 
is nearest to Jupiter, and later than the computed time 
when the earth is most remote from Jupiter, it was 
inferred that the rays of light require a perceptible 
time to traverse this difference of space. The times 
of the eclipses being computed for the earth's mean 
distance from Jupiter, which is nearly the same as the 
sun^s distance, it is found by repeated observations, 



* Any other celestial phenomenon which is seen at the same in- 
stant of absolute time on different meridians, and the time of 
which can be calculated for a particular meridian, will equally 
well answer the purpose of ascertaining the longitude : such ate 
eclipses of the moon ; but as these occur but seldom, they are of 
Utile practical use to the navigator. The phenomena most useful 
to the navigator are occultations of stars by the moon, and di8> 
tances of the moon from either the sun or any remarkable fixed 
star, called lunar distances. These are seen nearly at the same 
instant of absolute time, on different meridians, and, with certain 
allowances and corrections, afford an almost constant means of 
ascertaining longitude. 
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that when the earth is exactly betweeD Jupiter and 
the sun, the eclipses are seen 8{ minutes fooner than 
ihfi time calculated ; and that when the earth is in the 
opposite point of its orbit, most distant from Jupiter, 
they happen 8{ minutes later than the time calculated. 
Hence it is inferred th^t light takes about 16| minutes 
to travel across the earth's orbit, which is a distance 
of 190,000,000 miles ;* for if the effecU of light were 
instantaneous, the eclipses would be seen at the saine 
instant in every point of the earth's orbit. 

Saturn shines with a pale, feeble light, and may be 
seen, like Jupiter and Mars, in any quarter of the 
heaveus. ' He revolves round the sun at the distance 
pf 900,000,000 miles, and finishes his revolution in 
29 years, 161 days. His diameter is 79,042 miles, 
and his magnitude nearly 1000 times that of the earth. 
He revolves upon his axis in 10 hours 16 minute^. 
The inclination of his orbit to the plane of the ediptic 
is 2<^ 29^, and the place of his ascending node about 
21^ in Cancer. This planet, when viewed through a 
telescope, always engages attention by the singular 
appearance of two concentric rings surrounding the 
body of the planet, without touching it. The breadth 
of the inner ring is estimated at 20,000 miles; that of 
the outer at 7,200, and that of the vacant space be<- 
tween them at 2,839 miles. These rings revolve round 
the axis of Saturn, and in the plane of his equator, in 
10 hours 32 minutes. Various conjectures have been 

* This is a velocity of nearly 200,000 miles per second. 

L 



122 ELEMENTS OF ASTRONOMY. 

formed^ but nothing is known with certainty, respeetipg^ 
the nature and properties of these rings. The disk of 
Saturn, like that of Jupiter, appears crossed by faint 
streaks or belts, and its form is even more oblate than 

' that of Jupiter, its polar diameter being to its equa- 
torial in the proportion of 11 to 12. This planet is, 
moreover, attended by seven moons or satellites, 
which, with one exception, revolve in the same plane 

^ with the ring, in orbits inclined to that of Saturn at an 
angle of about 30 degrees. 

The most remote of all the known planets belonging 
to the solar system was discovered at Bath by Dr. 
Berschel, on the 13th of March, 1781. It was named 
Georgium Sidus by its discoverer, in honour of the 

' king ; but by foreigners it is more commonly known 
by the name of the Herschel Planet^ or Uranus, It is 
invisible to the naked eye, but when viewed through 
a telescope of small magnifying power, it appears like 
a star of the sixth or seventh magnitude. Its distance 
from the sun is estimated at 1,800,000,000 miles, 
and its periodic revolution is performed in about 84 
of our years. Its diameter is 35,112 miles, and its 

' magnitude 87 times that of the earth. The time of its 
rotation upon its axis has not been ascertained. The 

* inclination of its orbit to the ecliptic is 46 minutes 20 
seconds. This planet is attended by six satellites, 
which revolve round it in orbits nearly perpendicular 
both to its own orbit and to that of the earth. 
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PROBLEMS RELATING TO THE PLANETS, 

• * 

PROBLEM I. 

To find the Plaoe of any Planet in the Beavens, at any 

given time. 

Find the planet's long^itude by means of an Ephem* 
eris ; then its latitude; and thus its place on the celes- 
tial sphere will be determined.* 

PROBLEM II. 

To find the Time of any Planet's Rising, Setting, and 

Southing, 

' Find the place of the planet as above, mark that 
place on the celestial globe, and then proceed as in the 
case of the moon. See page 91. 

PROBLEM III. 

To find what Planets are visU^le at any given hour. 

Place the globe so as to represent the situation of 
the heavens at the given hour, by a former problem, 
(see page 59,) and by consulting an Ephemeris, it will 
be found what planets are then in the visible hemi- 
sphere. 

* In White*8 Ephemeris, the tables showing the longitudes of the 
plftnets for every daj of eafch month, will be found on the right- 
hand page; and the tables of latitude at the top of the same page, 
but only for every teventh day, as the latitude varies much more 
slowly than the longitude. 

l2 
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PROBLEM lYi 

To represent^ Tnf an Orrery or Diagram, the true Situ- 
ation of the Planets with respect to the Sun, at any 
gvDen Hme. 

In Whitens Ephemeris, besides the tables of longi- 
tude, mentioned above, thei-e will be found, at the foot 
of the left-hand page, a set of tables showing the 
Heliocentric longitudes of the earth and other planets 
for every seventh day. By the Heliocentric longitude 
of 8 planet is meant the place in which it would be 
seen in the heavens if viewed from the sun. The lon« 
gitude spoken of in the first problem is the planet's 
place CM seen from the earth, and is sometimes called, 
by way of distinction, the Geocentric longitude. Find, 
then, in the table, the heliocentric longitudes of the 
several planets on the day nearest the given day, and 
place their representatives in the orrery accordingly, 
by means of the ecliptic sigiis which will be found in 
its circumference. Or, in lieu of an orrery, construct 
a diagram representing the several orbits of the planets, 
at their proportional distances from the sun, and sur- 
round the whole by a larger circle, which divide into 
twelve equal parts, marking them with the signs of the 
ecliptic, and subdividing them into degrees, as in the 
wooden horizon of the globe. Then, having found 
by the table the heliocentric longitude of the earth, and 
marked it upon the outer circle, lay a ruler from that 
point to the sun's place, and mark where it crosses the 
earth's orbit. Proceed in the same manner with the 
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othor i^aiieto, transferring the longitude of each to its 
own orbit ; and the points thus marked upon the orbits 
of the planets will show their true relative situation in 
the solar system at the given time. 



CHAPTER XXIII. 

OF THB DIMENSIONS OF THB SOLAR SYSTEM, AND 
THE MODE OF ASCERTAINING THEM. 

In the teegoing account of the solar system , the 
distances and dimetfsions of the planets have been 
stated, without any attempt being made to show the 
truth of the statements, or the means by which such 
informatioii has been obtained. On this subject, how- 
ever, the learner will naturally feel some curiosity; 
for certainly there is no attainment of human ingenuity 
more wonderful than that a being so diminutive, and 
confined to so narrow a comer of the great universe, 
should have succeeded in measuring magnitudes and 
distances so far beyond his grasp or reach. The sub- 
ject, indeed, cannot be fully treated of, without enter- 
ing into mathematical investigations which would be 
unsuitable to those for whom this treatise is designed. 
Nevertheless, to those unversed in mathematics, some 
information on it may be conveyed, which, while it 
serves to gratify a laudable curiosity, may excite a 

l3 
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desire to enter more deeply into these interesfiog 
studies. 

The measurement of all inaceessihle distances is ac- 
complished by means of that branch of mathematical 
science which is termed Trigonometry ; and the pnn- 
ciple of the whole process is simply this, — that when 
the dimensions of one side and two angles of a tri- 
angle are known, the dimensions of the remaining sides 
may be found by calculation. Let A, Fig. 20, be any 
terrestrial object, the distance of which from the point 
B, I wish to ascertain, but which is so situated, that I 
cannot conveniently measure that distance in a direct 
way along the line BA. Instead of this, therefore^ I 
measure a line BC more conveniently situated, and at 
the two extremities of this base^ I observe, with an 
instrument adapted for the purpose, the respective 
bearings of the object A, that is, the angles CBA and 
BCA ; and these data, namely, the length of the base 
BC, and the number of degrees contained in the angles 
CBA and BCA, furnish all that is required for cal- 
culating the length of either of the other sides of the 
triangle. 

The base employed in ascertaining the. distances of 
the heavenly bodies is the earth's semidiameter, which 
has been previously found, in the manner explained 
in a former chapter. The angle which this base sub- 
tends, or is opposite to, when lines are drawn from 
its extremities to any heavenly body, is called the 
Parallax of that heavenly body, from a Greek word 
signifying a change of place, because it is the measure 
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of the difference between the apparent place of the 
body as seen from the surface of the earth, and the 
place in which it would appear, if seen from the centre. 
Let Ay Fig. 21, represent the earth, M the moon in 
her orbit, and GD a portion of the heavenly concave. 
A spectator situated on the earth's surface at A^ will 
view the moon along the line AM, and refer it to the 
point H in the heavenly sphere ; but if he could view 
it from the earth's centre, it would appear in the direc- 
tion of the line CM, and be referred to the point G in 
the sphere of the heavens. The difference between 
these two places, namely, the arc GH, or what is 
equivalent to it, the angle GMH, or AMC, formed 
by these different lines of view, is the moon's paral- 
lax. The effect of parallax, then, is to depress the 
place of a heavenly body, or to make it appear lower 
than it really is; and this depression is greater the 
nearer the body is to the horizon. When a heavenly 
body is in the zenith, it has no parallax, for then the 
lines drawn to it from A and C coincide. But when 
the heavenly body is in the horizon, as at m, the angle 
of parallax, AmC, is the greatest possible; in which 
case it is called, by way of distinction, the horiztmial 
parallaa, 

A little consideration will make it evident, that the 
nearer any heavenly body is to us, the 'greater must be 
its parallax ; and as the moon is the nearest of all the 
heavenly bodies, her horizontal parallasis considerable; 
and has been ascertained with the greatest precision. 
Various methods have been employed for this pur- 
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pose; but the simpleflt and moat intdiigible is the 
following. Let A, as before, (Fig. 21,) be the piace 
of an obseryer upon the earth ; AB his sensible hoii- 
con ; CD his rational horizon ; Z his zenith, and ZE 
a portion of the moon's orbit. In moving from Z U> 
m, the moon appears to the observer at A to traverse 
a quarter of her diurnal revolution, because at m she 
appears on his sensible horizon; but in reality she 
does not complete a quarter of her revolution till she 
arrives at E, on his rational horizon. Now the time 
she takes to move through the quadrant from Z to £, 
is known, being a fourth part of the time of her entire 
diurnal revolution, which is 12 hours 48 minutes ; and 
as the time she takes to move from Z to m is found by 
observation, the difference of these periods, or the in- 
terval between her arrival at m and her arrival at E, 
is easily ascertained. Then, by the rule of proportion, 
we say. As a fourth part of 24 hours 48 minutes is to 
this interval, so is the quadrant Z£, or 90 degrees, to 
the BfC mE, which measures the angle mCE, and this 
angle, according to a well known property of parallel 
lines, is equal to the angle of parallax AmC* In the 
triangle AmC, then, we have the measure of the angle 
AmC dius found : the angle CAm is also known, be- 
cause, by the nature of the problem, it is a right angle; 
and the side AC is known, being the earth's semi- 
diameter. We have, therefore, all the data necessary 
for computing tke side Cm, which is the distance of 

« See Eudid, Book 1. Prop. 29. 
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the moon from the centre of the earth. The moon's 
horizontal parallax varies a little according' to her 
varying distance from the earth ; hut taken at a mean, 
it is about 57 minutes, or very nearly one degree ; and 
her mean distance, deduced from this, is found to be 
about 60 semidiameters of the earth, or 237,000 miles. 
The sun being so much more distant than the moon, 
his parallax is much smaller, and cannot be discovered 
in the same manner. It is, indeed, so small a quan* 
tity, that considerable difficulty has been found in as^ 
certaining it, and many attempts were made by various 
methods, up to a late period, before any satiiftfactdry 
result was obtained. It cannot, in fact, be ascertained 
at all by direct observation of the sun, but only by 
means of the parallax of some other heavenly body 
which approaches nearer, and whose distance is known: 
to bear a certain proportion to that of the sun. The 
body most successfully employed for this purpose is 
the planet Venus, and the occasion most favourable 
for the observation is the transit of this planet across 
the sun's disk. Before, however, entering into atiy 
explanation of this method, it is necessary to observe 
that the relative distances of all the planets from the 
son are ascertained, independently of the parallax, by 
a calculation founded oh the observed times of their 
periodical revolution round the sun. ^ For it is a law 
of the planetary motions, ascertained by Kepler, and 
since proved by Newton, to be a necessary conse- 
quence of the force which retains the planets in their 
orbits, that the squares of their periodic times are as the 
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€ube» of their mean distances from the sun.* Thus , the 
periodic time of the earth, that is, the period of its re- 
▼olution round the sua, being found by obsenration to 
be 265 days, and that of Venus 224 days, (neglecting 
fractions,) if we take the squares of these numbers, 
namely, 133225 and 50176, and the cube of 1, or 
1000, or any other convenient number which we may 
assume to express the earth^s mean distance from the 
sun, we have the terms of a statement in the rule of 
three, by working which in the usual way, we obtain 
n fourth proportional iO'these numbers, and the cube 
root of this is the number which will express the rela- 
tive distance of Venus from the sun, in terms of the 
earth's assumed distance. The relative distances of 
all the planets from the sun, the earth's distance being 
assumed at 1000, are as follows : 

Mercury . • 387 Jupiter . , 5202 

Venus . . . 723 Saturn. . 9540 

Earth . . . 1000 Uranus .19083 

Mars. •••1523 

These proportional distances being thus ascertained, 

all that was wanted for determining the dimensions of 

the whole system, was to obtain the parallax, and by 

that means the absolute distance, of any one planet 

This was long considered as the grand desideratum of 

astronomy, till the transits of Venus, which took place 



* This is another of those laws which are known by the name of 
Kepler's laws, before referred to in p. 66, and of which more will 
be said hereafter. 
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in the years IfOl and 1769, afforded ihe opportunity 
of obtaining the earth's distance from the sun to a de- 
g^ree of exactness which could not be expected from 
any other method. Without entering into all the de- 
tails of this observation, which would be foreign- to 
the design of the present treatise, the general princi- 
ples upon which it proceeds may be thus briefly ex- 
plained. 

. Let £, Fig. 22, represent the earth, V, Venus, and S 
the Sun. To an observer at the centre of the earth, E, 
or on its surface at A in the same line of view, Venus 
will appear just entering upon the sun's disk at D, when 
to a spectator situated at B, 90 degrees westward of 
A, it will be eastward of the sun, in the direction of 
the line BVC. The angle £VB is the horizontal 
parallax of Venus, being the angle which the earth's 
semidiameter would subtend as seen from that planet; 
and £DB is, for a like reason, the horizontal paral- 
lax of the sun. The angle VBD, which is the mea- 
sure of the apparent distance of Venus from the sun to 
the spectator at B, is equal to the difference of these 
two angles of parallax, (according to a well known 
property of triangles,*) and is found by observing how 
much later in absolute time the ingress of the planet 
upon the sun's disk is as seen at B, than as seen at A. 
From this angle, and the relative distances of the earth 
and Venus from the sun, already known by the means 
above mentioned, the horizontal parallax both of Venus 

• 6«e Euclid, Book I. Prop. 8d. 
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and tbe sun may be found bjr calculation. The sun's 
parallax is thus ascertained to be about 8-|. secoads, 
and by computing upon these data, the dimensions of 
the triangle £DB» as in the case of the moon, the side 
£D» which is the earth's distance from the sun, is 
found to be about 95,000,000 miles. Hence the abso- 
lute distances of all the other planets are easfly reck- 
oned by means of the proportional distances already 
stated. 

Knowing the distances of the sun and planets, we 
are enjabled also to ascertain their magnitudes, by 
merely observing their apparent magmtudes : for the 
aj^arent size of any object diminishes as its distance 
increases. The mean apparent diameter of the sun is 
3Sr 2''; his distance 95,000,000 miles: with these 
data it is easy to calculate, by the rules of Trigonom- 
etry, what must be his real diameter, in order to appear 
of that siae at that distance. Or we may ascertain the 
same from the sun's horizontal parallax, which, as be- 
fore explained, is the angle under which the earth's 
semidiameter would appear, if seen from the sun. This 
angle being 84 seconds, ihejeuHre diameter of the earth 
as viewed from the sun, would appear under an ang^e 
twice as large, or of. 17-^ seconds : and it has been 
.already observed, .that the sun's apparent diameter, as 
viewed from the earth, is 32 minutes 2 seconds, or 
1922 seconds. Now the real diameters of objects seen 
at the same instance are proportional to their apparent 
diameters : therefore the sun's real diameter is to the 
earth's as 1922 to 17-^, or nearly as 111^ to 1 • Hence, 
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if the earth's mean diameter be estimated at 7911| 
miles, that of the sun will be 883^740. Their relative 
solid magnitudes are easily found from their relative 
diameters, by merely taking the cube of the latter ; for 
spheres and all other regular solids are to each other, 
in respect of bulk, as the cubes of their diameters. 
Therefore the solid bulk of the sun is to that of the 
earth as 1,393,668, the cube of 111*7 to 1, the cul^e of 
1. In a similar manner the diameters and solid bulk 
of the moon and planets may be deduced from their 
apparent diameters and their known distance. 

The following table contains a summary of the most 
important particulars of the solar system, according to 
the latest and most approved estimates. It is recom- 
mended to the learner to coipmit it carefully to 
memory, 
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In addition to the particulars comprised in the pre- 
ceding^ table« the foUowing are well worthy o{ a place, 
in the memory. 

d. h. , ^ 

Sidereal year 365 6 9 12 ' 

Tropical year .365 5 48 49 

Difference 20 23 

Precession of the equinoxes, 50| seconds per 

annum, or 1 degree in 72 years. 
Platonic year, or period of t^e entire 

revolution of the equinoxes 25,791 years^ 

Earth's circumference round the 

equator • • . 24,892 mileg^ 

Circumference round the poles •••••• 24,855 

Equatorial diameter . • • • • 7923*6 

Polar diameter • • • 7899*88 

Mean diameter , «.. 7911*74 . 

Moon's mean distance from the 

earth. •••. 237,000 

Moon's diameter ••«••• 2,180 

d, % , „ . 

Synodical month • • • « • 29 12 44 3 

Periodical month 27 7 43 .5 

Lunar year, or 12 lunations. • 854 8 48 36 
Inclination of moon's orbit to the ecliptic 5^ 9' . 

As, however, it is difficult for the imagination to 
form an adequate idea of these vast distances and 
magnitudes, it may serve to assist our conceptions to 
have them truly represented on a reduced scale. This 

M 2 
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canDot well be done by any diagram on paper, for 
diough the proportional sizes of the several bodies of 
the system, and the proportional dimensions of the 
planetary orbits, may be easily represented in sepa- 
rate plates and on different scales, yet to exhibit them 
all at one view pn the same scale, would require a 
plate of such dimensions as could not well be fur- 
nished. The diagrams drawn on paper for the pur- 
pose of illustrating the phenomena of the heavens, are 
almost all 6f them extremely erroneous in point of 
proportion, and necessarily so, on account of the in- 
convenient space which would be required to repre- 
sent the true proportions. Orreries are in general 
still more erroneous in this respect than diagrams, and 
the learner who forms his ideas of the solar system 
from these artificial representations, can hardly fail to 
be very widely misled. In order, then, to obviate 
such misapprehensions, and to form a more just con- 
ception of the relative magnitudes and distances of 
the several bodies in the system, let us take, as a re- 
presentative of the earth, a small globe of one inch 
diameter, such as we find very commonly employed 
for this purpose in orreries, and let us consider what 
must be the dimensions of an orrery representing aU 
the bodies of the solar system, and all their distances, 
according to the same proportion. The following 
table contains the corresponding diameters of the 
globes representing the sun and planets. 
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For the Sun, a globe of 9 feet 3 inches diameter. 

For Mercury ^ inch. 

For Venus ^ Inch. 



V ► 



For the Earth 1 inch. 

For the Moon « } inch. 

For Mars about ^ inch. 

For Jupiter • lif inches. 

For Saturn 10 inches nearly. 

For Uranus • 4^ inches. 

The following will be the corresponding distances 
at which the globes representing the planets must be 
t>laced from that which represents the sun. 

Yards, 

Mercury 128 

Venus 239 

The Earth 331 

Mars 503 

Jupiter 1723, or nearly 1 mile. 

Saturn 3161, or 1 mile 6 furlongs. 

Uranus 6358, or 3 miles 5 furlongs. 

Moon's corresponding distance from the earth, about 
30 inches. 
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CHAPTER XXIV. 

OF THE CAUSES AND LAWS OF. TSK PLANETARY 

MOTIONS. 

Trb laws of the planetary motions, so far as tbey 
were disoorered by Kepler^ have aksady been ad- 
verted to in a former Chapter. (See p. 130.) That 
great philosopher, by a long series of minute and la- 
borious obsertationsy discovered the three following 
facts, which are known by the name of Kepler's laws : 
1st. That the earth and all the other planets revolve 
round the sun in elliptical or oval orbits, having the 
sua in one of their foci : 2ndly, That a line joining 
the centre of the sun with the centre of any planet, 
(called the radius vector,) desqribei^ equal areas in 
equal times; and drdly, That the squares of the 
periodic times of the planets are as the cubes of their 
mean distances from the sun,* It was reserved, 
however, for the immortal Newton to establish theae 
laws on the basis of mathematical demonstration, 
and to reduce them to one grand principle, which ap- 
pears to pervade the universe — the principle of gravi- 
tation. It is impossible, without considerable know- 



* The second of these facts is usually considered as the first of 
Kepler's laws, because it ^as first discovered. But this seems the 
most natural order of stating them. 
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ledge in mathematics, to follow out his profound 
investigations on this subject ; but the following im?* 
perfect information may nevertheless be found of use to 
the young or unlearned reader* 

It is a well known law in mechanical science, that, 
when a body is acted upon by two forces at the same 
time, it moves not in the direction of either, but takes 
an intermediate course between the two. Thus, let a 
ball. A, (Fig* 23.) be impelled by one force capable of 
driving it in a certain time to !B, and let a second force 
be applied at the same instant, which singly would 
dHve it to C, the course it will take, by the joint action 
of these forces, will be the diagonal AD. This is called 
the composition of forces, and is exemplified in the case 
of a vessel, which, being impelled in one direction by 
the windy and in another direction by the current, takes 
a course between the two, but nearer the direction of the 
stronger force, if Uiey happen to be unequal. If one 
of the forces remain uniform, while the other continue 
ally increases, the body upon which they act, wiSi 
move in a curve, eontinnaliy inclining nearer to the di- 
rection of the increasing force. Such is the case with 
bodies projected by any force, and falling to the ground 
by the power of gravitation. The projecting impulse 
by itself it capable of producing only a uniform motioii, 
$mA even if die resistance of the air were withdrawn, 
woold cause only equal quantities of motioii in equal 
itttervids of time. But gravitation, being a force which 
acts condmially, produces a continual accession of 
motion in each successive portion of time, and the late 
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of increase is ascertained to be as the series of uneven 
numbers 1, 3, 5, 7, 9, &c. ; that is, ifa falling body de- 
scend through a certain space in the first instant of its 
fall, in the second instant it will descend through three 
times that space, in the third instant through -fiire tinies 
that space, in the 'fourth instant through seven times 
that spaced and so on. This law which regulates the 
descent of bodies falling perpendicularly from any 
height, and when gravitation is the sole acting force, 
operates equally upon bodies projected, drawing them 
continually further and further from the line of projec- 
tion, and bringing them to the ground, (if they are 
projected horizontally,) in the same time in which they 
would have falle;i perpendicularly by their, own weight. 
Thus let A, (Fig. 24,) be supposed the mouth of a gun, 
from which a bullet is discharged horizontally in the 
direction AL. If the projectile force, in the first mo- 
Bient, would carry it to B, while by gravitation it would 
fair to C, it will be found, at the end of that moment, 
at D, the opposite angle of the parallelogram ABDC 
In the second moment the projectile force, (excluding 
the resistance of the air,) would carry it through the 
equal space BE, while gravitation would cause it^to fall 
through the space CF, which is three times the first 
space AC ; by the joint action of these forces, there- 
fore, it will be found, at the end of the second moment, 
at Gr. In the third moment, while the projectile force 
would have carried it to H, and the power of grarita- 
tion would have caused it to fall through SI, which is 
five times AC, it will move frOm G to K ; and :in the 
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fourth moment, while one force would have borne it 
from H to L, and the other from I to M, which is 
seven times AG, it will arrive at N ; thus describing 
the curve ADGKN in the same time in which it would 
have fallen^ perpendicularly from A to M. Precisely 
on the same principles may the motion of the planets 
be explained. They are acted upon, in like manner, by 
two forces; of which one draws them towards the 
sun, and the other tends to drive them o£f in a tangent 
to their orbits. The former is called the cetUripeial 
force, or the power of gravitation ; the latter, the cen- 
trifugal or projectile force. Were these forces at all 
times exactly balanced, the planets would revolve in 
circles round the sun. If the power of gravitation 
prevailed for a continuance, the planets would fall to 
the sun, as the discharged bullet falls to the ground. 
Or if, on the other hand, the projectile force pre- 
vailed, and continued to prevail, they would fly on 
into the regions of boundless space. The fact is, that 
each of them prevails in its turn, and that, by a 
beautiful alternation, they so modify and control each 
other's influence, that neither of them can be aug- 
mented beyond a certain limit ; and the effect of this 
is, that the planet alternately approaches to and 
recedes from the sun, revolving round him in that 
form of orbit, and according to those laws, which 
Kepler first discovered by observation, and which 
Newton demonstrated to be the necessary result of 
the laws of gravitation. When the planet is in peri- 
helion, or at the point of its nearest approach to the 
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sun, both forces are at their maximum, but the proj^ec- 
tiie force predominates, and the planet therefore begins 
to recede. When it is in aphelion, or at the point of 
its greatest distance from the sun, both forces axe at 
their minimum, but the gravitating force is then pre- 
dominant, and the planet consequently begins to ap- 
proach the sun. The reason of this will appear from 
Fig. 25, where S represents the Bun,^ ADPB the 
elliptical orbit of a planet, of which P is* the perihelioB» 
and A the aphelion. When the planet is at B» the 
attracting power of the sun acts along th^ line BS, 
while the projectile force acts in the direction BC;. 
and it is evident from the position of the lines, that 
the former force, in this situation, is, in some degree,, 
opposed to the latter, and that the motion of the planet 
must consequently be retarded. But when the planet 
is at D, the attracting force draws it along the line 
DS, while the projectile force bears it along the line 
D£; and as the lines are partly in the same direction, 
the former force, instead of opposing, aids the latter,, 
and the planet moves with accelerating speed. But 
the greater the speed of the planet's motion, the 
greater must be its tendency to fly off from its orbit, 
just as a stone at the end of a string pulls more and 
more strongly the more violently it is whirled. Hence 
it is that the projectile force gathers strength as the 
planet approaches its perihelion, P, till at that point 
it overcomes the gravitating power, though that power 
also is increased to its greatest intensity, by the 
planet's nearest approach to the centre of attraction. 
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Sat during th^ progress of the planet from perihelion 
to aphelion, its velocity being constantly retarded, as 
already shown, by the opposing tendency of the two 
forces, the projectile force is thereby continually weak- 
ened, till at A, the aphelidn, it is so far reduced, that 
the gravitating force, though that also is then at its 
lowest ebb, becomes predominant, and the fugitive 
planet is brought back from its flight again to repeat 
the same unceasing round. Hence we see the reason 
of the'fact already noticed, (see Ohap. XI.) that the 
motion of the earth is faster in that part of its orbit 
which is nearest the sun, and slower in the remoter 
part. And mathematical reasoning has served to 
show,' that the power which retains the planets in their 
orbits, is only a modification of that same power of 
gravitation, the ^ects of which we constantly wit- 
ness in the descent of falling bodies, with this only 
difference, that in the one case the sun is the centre of 
attraction, and- the attracting force is counterbalanced 
by the projectile, while, in the other case, the earth is 
the centre of attraction, and its influence is exerted 
without any counteraction. This great discovery is 
due to the exalted genius of Newton, who, setting out 
with the principle of gravitation, and with the law by 
which he had reason to believe it regulated, namely, 
that its force decreases as the squares of the distances 
from the centre of attraction increase, arrived by 
calculation at the same results at which Kepler had 
before arrived by observation ; and demonstrated that 
all the laws of Kepler are the necessary consequences 
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of this principle combined with the projectile force. 
The same force which thus governs the motions of the 
primary planets, governs those of the secondary ^plan- 
ets also ; and its application to the moon was, in fact, 
the first step by which Newton was led to this >li8- 
covery. The moon is known to be distant from the 
earth 60 of the earth's semidiameters, that is, 60 times 
as far from the centre as we are upon the surface. 
According, therefore, to thfe law already stated, by 
which the force of gravity decreases, the attraction of 
the earth upon the moon ought to be 3600 jtimes less 
than it is upon falling bodies near the surface. Such 
is actually found to be the case ; for by a calculation 
into which we cannot here enter, it is ascertained that 
the moon is drawn down from the rectilineal course, in 
which the projectile force would carry her, at the rate 
of 16 feet every mxnut^i whereas falling bodies near 
the surface of the earth are drawn down at the rate of 
16 feet per second, which, according to the law of 
falling bodies, gives 3600 times 16 feet for the amount 
of their fall in 60 seconds, or one minute. 



BLBMENTS OF ASTRONOMY. 145 



CHAPTER XXV. 



OF THE COMETS. 



Besides the planets and their satellites, there are 
certain other bodies which seem to belong to the 
system, though they rarely make their appearance. 
They are distinguished from all the other heavenly 
bodies by a remarkable brush or tail of light which 
accompanies them, and from which they have derived 
their name of Comets. Little is known with certainty 
respecting these extraordinary bodies, but they are 
supposed to revolve round the sun by the same laws 
which govern the other planets, that is, in elliptical 
orbits, having the sun in one of the foci, with this pe- 
culiarity, however, that their orbits are very eccentric, 
so that though they approach very near to the sun in one 
part of their course, the fly off to an incalculable dis- 
tance in the opposite part. The number of comets ob- 
served and recorded, with more or less accuracy,- ex- 
ceeds 350 ; but of these not one- third have been ob- 
served with such accuracy as to allow the elements of 
their orbits to be ascertained. The only comet which 
is known with any certainty to have returned, is that of 
1682, which, conformably to the prediction of Dr. 
Halley, appeared in 1759, and which had been pre- 
viously observed in 1591 and 1607» its period being 
about 76 years. The most remarkable of these bodies 

N 
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was that which appeared in 1680. Its tail was of enor« 
mous length, extending over a space in the heavens 
nearly equal to oqe-fifth of its whole circumference ; and 
it remained in sight for about four months. It was re- 
markable for its near approach to the sun, being, when 
nearest to it, no farther distant than 580,000 miles, 
which is but little more than half the sun's diameter. 
This comet descended from the upper regions of space, 
at a great angle with the orbit of the earth, between 
it and the orbit- of Venus ; and having passed round 
the sun at the distance above mentioned, ascended 
again. It appears that comets contain v«ry little 
matter, and have but a very feeble action on other 
bodies : for in the year 1454 a comet is said to have 
eclipsed the moon, so that it must have been very near 
to the earth ; yet it had no sensible effects. A comet 
also, in 1770, came] very near to the satellites of Ju- 
piter, but caused no derangement in the system.* 
'Many conjectures^ have been hazarded respecting the 
iise of these bodies, and the nature and cause of that 
train of light which accompanies them. But where 
nothing can be ascertained with certainty, it is better 
to acquiesce in an honest confession of ignorance* 

• See Playf)ur*s Outlines of Natural Philosophy, vol. ii. page 199. 



BLKMSNT9 OP ASIHONOMY. 14T 



CHAPTER XXVL 

OP THE FIXBB STARS. 

The only bodies that now remain to be considered 

are the Fixed Stars> so caUed, as before observed > 

because they maintain invariably the same relative 

situation, and are only affected by that apparent diur^ 

nal motion which arises from the earth's rotation on 

its axis. The accuracy of modern observation has, 

indeed, detected some very slight changes both in the 

situation and appearance of some of the stars, and it 

is also said that new stars have occasionally appeared^ 

and that some which were formerly observed are now 

no longer to be found. Some of the stars are likewise 

found to have a periodical increase and decrease of 

magnitude. But these changes are of too minute a 

nature to merit more particular notice in an elementary 

treatise, and can scarcely be said to alter the propriety 

of the epithet by which the stars are distinguished. 

The points chiefly to be attended to on this subject 

are, first, the number of the stars; next, their distance; 

and thirdly, their nature and use. 

The number of stars visible at one view to the 
naked eye is estimated at one thousand ; and the num-« 
her in the whole starry sphere which may be seen 
without the aid of a telescope, comprehending all the 
stars from the first to the sixth magnitude, is about 

n2 
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3400. But when jthe eye is aided by the telescope, 
such multitudes of stars are discovered, that it is 
impossible to count them, or to assign any limits to 
their number. The milky way, that faintly luminous 
zone which encircles the heavens, and which appears 
to the naked eye like a track of light cloud, has been 
found by Dr. Herschel to be an aggregate of stars too 
distant to be distinguishable by the naked eye ; and 
the same great astronomer has discovered not less 
than 2000 nebuke, or luminous spots, which he has 
also ascertained to be clusters of stars. 

Attempts have been repeatedly made to ascertain the 
distance of the stars, but hitherto without any satisfac- 
tory or accurate result. The method first followed for 
this purpose consisted in selecting some star of the first 
magnitude, and endeavouring to ascertain its annual 
paraUax, that is, the change, if an} , which takes place 
in its position in consequence of the earth's annual 
motion in its orbit. Let AB, Fig. 26, represent the 
earth's orbit, and C a distant star. The spectator 
being at A, the star will be seen in the direction AC ; 
and at B, the star will be seen in the direction BC. 
In this case the angle ACB would be called the an- 
nual parallax of the star ; and it is the same as the 
angle which the earth's orbit would subtend, if seen 
from the star. Now great pains have been taken by 
different astronomers to ascertain this angle ; and the 
result of their labours is, either that the angle is not 
at all perceptible, or that, at the most, it cannot ex- 
ceed one second. To all appearance the lines AC 
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iind BC, diluted to tte star froto oppo§tte poin'te 6f 
th« earth's drbit, are parallel, as AD, BE; whicli 
shows diat the diameter of the earth*)) orbit^ though a 
distataoe of 190,000)000 miles) is but a mere point dofh<>> 
pdred with the disuuit^e of the fixed i^toi^. As ildmS 
of the 8tars> whteh appear single to the naked eye, 
are fo«nd to be doable when viewed through a tele^ 
beope, and as it is with reason JBUpposed that this ap^ 
fiearance is owing to two stars being situated he&fly 
ia the same line of View, the one behind the othfeir> 
hopes were entertained that, by a careful obsef tafioft 
of siiefa stars, lioine morfe satisfiaetory result might hk 
obtained^ For let AB, Fig. 27> represent the earth'!} 
orbit, and O D tWo stars, distant froo^ one anothef, 
but appearing close together from the point A> be- 
eaate situated nearly in the same line of view ; then 
it is evident, that if the earth's orblt^ AB, bore any 
sensible proportion to the di)»tances of the two stars, 
a spectator removed from A to B would see them nb 
longer close together^ but separated according to th% 
amoDBt of the angle CBDk This ingenious method, 
however^ though tried with great car^ and assiduity 
by Dr. Hersohel, has not yet led to any more satis- 
factory resull than the former^ It appeani, in fine, 
from all the observations that'hav^ jfet been mad^, 
that though X\t4 parallax of the fixed stiU's is com- 
pletely undetermined, it can scarcely exceed a single 
second* 

If, then, we suppose that the parallax of the nearest 
fixed star is one seeoad, and that the mean distance 

n3 
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of the earth from the sun is 95,000»000 miles, vre 

shall haye a right-angled triangle, whose vertical 

angle is one second, its base 95,000,000 miles, and 

its side the distance of the star. This side, being 

calculated by the rules of Trigonometry, will be found 

to be upwards of 20 billions of miles — a distance 

through which light could not travel in less than three 

years.- If the nearest star in the heavens is placed at 

such an immense distance from our system, what an 

immeasurable interval must be between us and those 

minute stars, whose light is scarcely visible with the 

most powerful telescope. Some of them, perhaps, 

are so remote, that the first beam of light which they 

sent forth at their creation, has not yet arrived within 

the limits of our system I* 

Such being the immense distance of the fixed stars, 
it is evident that their nature and use can be' subjects 
only of conjecture. But as they cannot shine, like 
the planets, by the borrowed light of our luminary, 
there is every reason to presume that they are them- 
selves suns, equal or perhaps superior to our own in 
magnitude. . And as it would be manifestly absurd 
to suppose that so many magnificent luminaries were 
created for no other end than merely to spangle our 
firmament, and to please our view with a useless 
glimmering, we are irresistibly led to the belief that 



* " Fields of radiance, whose unfading light 
Has travelled the profound six thousand years. 
Nor yet arrivcB in sight of mortal things." 
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they are the centres of their own planetary systems, 
and that, consequently, the boundless realms of space 
are strewed with an incalculable number of systems 
not less grand and stupendous than that to which our 
earth belongs. And for what purpose can such 
countless worlds have been created, but to be the re- 
sidence, like this earth, of beings formed to enjoy the 
bounties, or to understand and admire the perfections 
of the Great Supreme ? 



'* This gorgeous apparatus ! this display ! 
This ostentation' of creative power ! 
This theatre ! What eye can take it in ? 
By what divine enchantment was it raised 
For minds of the first magnitude to launch 
In endless sj^culation, and adore ? 
One sun by day, by night ten thou8and shine, 
And light us deep into the Deity : 
How boundless in magnificence and might!'' 
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CHAPTER XXVII. 

C014GLUDl>iG ^E^LkCTIONS* 

• 

The subject treated of in these pages^ independ- 
ently df its deep interest as a matter of mere curiosity, 
is so richly fraught with religious instrtictioil, and so 
irresistibly leads the mind to religious contemplation, 
that it ought not to be dismissed without adverting to 
its suggestions of this nature. The grand display 
which Astronomy affords of the magnificence and 
order of creation, is such as oanndt but impress every 
rightly constituted mind with a conviction that there 
must exist somewhere an Inteixtgence abd a Power 
adequate to the production and superintendence of 
this vast system of things, and as much superior to 
man as these stupendous works are superior to the 
puny productions of human art and labour. The 
origin of the human race dates but a few centuries 
back ; and can we suppose that there was no Intelli- 
gence previously existing in the wide circuit of this 
unbounded universe ? By slow degrees, by long con- 
tinued observations, and profound calculations, man- 
kind have at length succeeded in ascertaining the true 
arrangement of the solar system, and the laws which 
govern the motions of the planetary bodies, so as to 
be able to predict with most unerring exactness their 
situations and appearances at any future moment; and 
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.can we suppose that there was no Mind to which this 
arrangement and these laws were known, ere yet the 
human race had emerged from primeval barbarism, or 
issued from the womb of nothingness? While our ima- 
ginations range through the tracts of boundless space, 
and amidst the innumerable systems which are strewn 
around in such profusion, it is impossible to exclude 
from our minds the belief that time is as unlimited as 
space appears to be. The universe, viewed in its real 
magnitude, irresistibly forces upon the mind the con- 
viction of Eternity, and the idea of Eternity, accom- 
panied thus with that of worlds in ceaseless motion, — 
of worlds exhibiting, as we have reason to presume, 
the same inexhaustible powers of invention, the same 
unbounded diversity of being, which we witness in 
this scene of our own habitation, conipels, not less 
forcibly, the belief of a creating and superintending 
Power, whose existence is commensurate therewith. 
It is impossible to believe that all the intelligence , 
which exists in nature is confined to the limits of this 
little planet. ' And if other worlds contain intelligent 
inhabitants, it is reasonable to suppose, from that infi- 
nite variety which we every where observe in all the 
works of nature, that they are distinguished by various 
degrees of intelligence, and that some may be as much 
superior to man as man is superior to the brutes. 
When once, however, this idea is admitted, we can 
assign no limits to the scale of progression ; and yet, 
the higher we raise our ideas oi finite excellence, the 
greater appears the necessity of supposing wme being 
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miperior to aUi for u» beiBg, howefer exalted, wiiose 
existence has had a oommeacemei^ Can posaibly have 
himself originated that existence ; and no being wbose 
habitation is confined to one planet, or one sun, or one 
system, can have powers adequate to the comipreheB- 
sion and superintendence of uuiyersal nature* There 
is a unity of design in the system of nature, which 
plainly indicates the existence and operation of one 
great directing Mind The same power which rolls this 
vast and ponderous globe on which we tread, in its an* 
nual circuit round the sun, which controls its impetuous 
flight, and causes it to fulfil, with such uaerring regular- 
ity , its wonted course, must direct the motion of all those 
other orbs which revolve by the same laws round the 
same central luminary. And if we admit the existence 
of an intelligent power adequate to the government of 
one planetary system, there is no difficulty in sup- 
posing that same power to extend to all those other 
systems which we see scattered through the immensity 
of space. We have spoken, indeed, of certain forces, 
of. a projectile impulse, and a power of gravitation, 
which, by their combination, accordiDg to the laws of 
mechanics, produce the planetary motions. But who 
does not see that these are merely convenient names 
for expressing the mode of ageneif of some hidden 
cause? To suppose that inert masses of senseless 
matter have in themselves this double tendency, gra* 
vitating towards a centre in one direction, and attempts 
ing to fly off in another direction, id an absurdity too 
gross to be entertained for a moment* The power 
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wluch launched tbese atapendoiis bodies into motion, 
and which still contianally bends and controls their 
ffight, can be no oHier than the power of God. This 
eonclosion will be yet further strengthened, if we con<r 
sider how nicely the whole system is balanced,-— how 
slight a deviation from its established laws would 
throw the whole machine into the most fatal confusion, 
and yet how unerringly it performs its appointed move- 
ments. Were the velocity of any planet's motion 
increased beyond a certain limit, the attractive force 
would be insufficient to retain it in its orbit, and it 
would fly off into the immensity of space, never to 
return within the limits of the system. On the other 
hand, were its velocity diminished beyond a certain 
Kmit, the attractive force would overcome the projec- 
tile, and the planet would fall to the sun. Now one or 
the other of these effects must have taken place, if the 
force of gravitation had varied by any other law than 
that which we actually find to prevail ; for it can be 
shown mathematically that, if this force had varied* 
inversely as the cube of the distance, or by any other 
law than the inverse square, the planetary orbits 
could not have continued permanent, but^uch dis- 
orders would have ensued in the system, as roust 
inevitably have brought on sooner or later its total 
destruction. The system, even as it is actually con- 
stituted, is subject to certain disturbances and irregu- 
larities, in consequence of the mutual influence of the 
planets upon each other; but in every case there is a 
certain linit beyond which these deviations never pass. 
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Thus ** the planes of the orbits of the planets are sul>|ect 
to a variation of situation ; but, after certain periods, 
they return to the positions from whence they de- 
parted. The inclinations of their orbits to the ecliptic 
are also subject to a change ; but this change is con- 
fined to small limits, and in a stated period each orbit 
returns to that inclination from which it set off. The 
figure of the earth's orbit is approaching towards that 
of a circle; but it will afterwards gradually recede 
from that figure, and return to its original form. The 
like circumstance takes place in the figures of the 
orbits of the other planets. It has been found by 
observation, that the mean motion of the moon is in- 
creasing; but after a certain period it will decrease 
by the same steps, and no apprehensions need be 
entertained for the stability of that part of the system. 
The obliquity of the ecliptic is diminishing ; and hence 
it has been supposed that seed-time and harvest, 
summer and winter, might hereafter cease ; but it will 
afterwards increase, and return to its former state; 
.and the variation will be confined to such limits, that 
the seasons will never be sensibly affected by it. All 
the planets move in the same direction in their orbits, 
and this is essential to the stability of the system; 
otherwise the disturbances would not have had their 
regular periods of increase and decrease, as at pre- 
sent, but the irregularities, by increasing, would have 
brought on its destruction. Hence we find no con- 
fusion of motion, which, under any other law of gra- 
vitation, would have taken place; nothing anomalous; 
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no constant increase of irregularity, by which, in the 
course of time, the system might be destroyed. There 
is a mean situation, about which the system oscillates 
through yery small spaces; hence, every thing re- 
turns to that state from which it departed, and thus 
the whole is preserved from falling into ruin."* To 
^is striking testimony of an eminent philosopher, 
whose profound knowledge of astronomy entitles his 
sentiments to the highest respect, I beg leave to sub- 
join, in conclusion, the following sentence from the 
pen of one not less competent to judge upon the sub- 
ject : '' By the most simple law, the diminution of 
gravity as the square of the distance increases, the 
planets are not only retained in their orbits, when 
whirling round a central sun, but an eternal stability 
is insured to the solar system. The little derange- 
ments which affect the motions of the heavenly bodies 
are apparent only to the eye of the astronomer ; and 
even these, after reaching a certain limit, gradually 
diminish, till the system, regaining its balance, returns 
to that state of harmony and order which preceded 
the commencement of these secular inequalities. Even 
amidst the changes and inequalities of the system, the 
general harmony is always apparent ; and those par- 
tial and temporary derangements which, to vulgar 



* Vince's Confutation of Atheism, from the Laws and Constitu. 
tion of the Heavenly Bodies, in Four Discourses preached before 
the University of Cambridge, p. 93. 
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nindfl, may seem to laAioi^te a pipgregsive decaj, 
serve only to evmoe the pfeamseiico ^ui stability of 
the whole. lo the contemplationL of such a acone» 
every uapervejrte4 mind nimat be slzuck ivith t^fiJL aa* 
toni3hing wisdom whiob fram^* the various parta of 
the univei:se, and bound Ibem togelher by one simpk 
law."* 

* BrewEiter's Editioa of Ferguson's Astronomy, vol. i. p. 71, 
note ^9 by th^ Editor. 



QUESTIONS FOR EXAMINATION 



INTRODUCTION. 

1. How is Astronomy defined? 

2. What is Ihe deriFatien and meaning of tiie term ? , 

3. Why is it an interesting study ? 

4. On what ground may it be reeommended) indepen- 

dently of its direct utility ? 
5fc To what important art is it subserrieat ? 

6. How is it connected with Geography ? 

7. How has it proved useful to the historian ? 

8. What errors has it served to dispel ? 

0. What is its highest and most important use? 

10. What is the observation of the Psalmist on this subject? 
U. What is the sentiment of a modern poet? 

CHAP. I. 

1. What is the first step in the study of Astronomy ? 

2. What are the appearances which first present them- 

selves to our notice in the heavensy and what infer- 
ences do we at once draw from them ? 

3. What do we observe on looking towards the south P 

4. What do we observe on looking towards the north ? 

5w What remarkable point do we find there, and how is 
its situation marked ? 

o 2 
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6. What change takes place in the sitaation of the pole, 

when we trayel northwards or southwards ? 

7. What should we obsenre if we trayelled coatinually 

southwards ? 

8. What, then, is the appearance of the whole starry 

heavens, and how is it artificially represented ? 

9. In what respects does the celestial globe difier from 

the real sphere of the heavens ? 

10. What is represented by the wooden circle which sur- 

rounds the globe ? 

11. What is the derivation and meaning of the word 

Horizon ? 

12. What is meant by the terms Zenith and Nadir? 

13. How may we represent on the celestial globe the as- 

pect and motion of the heavens, as seen at any place f 

14. What are the use and probable origin of the various 

figures which are drawn upon the surface of the 
globe ? 

15. Mention and point out on the globe some of the more 

remarkable constellations. 

16. How are the stars further distinguished and classified P 

17. What method is employed for designating particular 

stars, and by whom was it invented ? 

CHAP. II. 

1. What are the chief points of the horizon, and how are 

we led to remark them ? 

2. What is the first great circle which the ancient astron- 

omers imagined to be drawn upon the sphere, and 
how is it situated ? 

3. What is the next great circle, and how is it situated P 

4. Why is a star said to culminate, when it crosses the 

meridian ? 
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5 What is the derivation of tlie tenn meruUanP 

6. What is a meridian line, and how may it be drawn ? 

7. What fact proves that the Eg^yptians were acquainted 

with the method of drawing a meridian line ? 

8. How are these two gpreat circles divided, and for what 

purpose ? 

9. What is the probable origin of this division ? 

CHAP. III. 

1. What is meant by the Altitude of a heavenly body, and 

how is it ascertained ? 

2. What is a Vertical Circle ? 

3. What instrument is used to represent any vertical cir- 

cle, and to measure altitudes on the celestial globe ? 

4. Describe, by means of Fig. 1, the method of measuring 

the altitude of a heavenly body in the celestial 
sphere itself. 

5. What is meant by the Azimuth of a heavenly body? 

6. What is meant by Amplitude ? 

7. Show how azimuth and amplitude are measured on 

the globe. 

CHAP. IV. 

1. What was the first idea of mankind respecting the 

figure of the earth P 

2. To what period can the doctrine of its spherical figure 

be traced back ? 

3. What .observations are irreconcilable with the supposi- 

tion of the earth being a plane, and how is this 
shown by Fig. 2 ? 

4. Show by Fig. 3. how these appearances may be ex- 

plained, on the supposition of the earth being a 
sphere. 

03 
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5. How has the ravndttess of the earth been proved ex- 

perimentally ? 

6. Wh<f fint attempted the ^reumnayigation of the g'lobe, 

and what is the history of that attempt f 

7. How is the roundness of tite earth sometinies made 

evident to the senses, and what strikin||f instance of 
this is adduced from the Jonmal of Captain Basil 
Hall ? (See the note in page 20.) 

8. How is the same troth conDrmed by eclipses of the 

moon? 

9. How may the circumference of the earth be ascer- 

tained P 
10. By whom was the first attempt made to measure the 

earth, and what was his mode of proceeding ? 
U; Who first solved this problem satisfactorily; how did 

he proceed ; and what was the result which he 

obtained ? 

12. What is the circumference of the earth, according to 

later and more accurate measurements ? 

13. What is the earth's diameter ? 

14. Is the earth a perfect sphere P 

15. Who first conjectured the earth's spheroidal form, 

and on what grounds ? 

16. How was Sir I. Newton's opinion confirmed? 

17. What was the difference between the degree measured 

in Lapland, and that measured in South America? 
(See the note in page 23.) 

18. Explain, by means of Fig. 4, how this diffierenee txmst 

necessarily arise from the spheroidal figure of the 
earth. 

19. How much does the equatorial exceed the polar di- 

ameter ? 
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CHAP. V. 

1. What was formerly the universal belief respecting the 

apparent diurnal revolution of the heavens? 

2. Does history infiorm us who first advanced the doctrine 

of the earth's diurnal motion ? 

3. What considerations led astronomers to the belief of 

this fact P 

4. At what rate must the sun move, if it really revolves 

round the earth ? 

5. How is it shown to be impossible for a larger body to 

ravolve round a smaller which is stationary ? 

6. Why is it no objection to this doctrine, that we are not 

sensible of the earth's motion ? 

7. What other objection has been urged with great confi- 

dence against this doctrine, and bow is it answered ? 

CHAP. VI. 

1. How OMist the terrestrial globe be considered in con> 

nexion with the celestial ? 

2. What is observed of the wooden circle on the torres^ 

trial globe, and how should it be considered ? 

3. Explain the distinction between the sensible and the 

rational horizon. 

4. Why may they be considered the same as respects the 

heavens, and how is this shown hy Fig. 5 ? 

5. What is observed of the equator of the earth ? 

6. What is Latitude, and how is it estimated ? 

7. What is the utmost extreme of latitude? 

8. What are Parallels of Latitude ? 

9. What am Ihofte liset cAlled which Une drnwo at rigiit 

angles t» the equator, and eirteoded Id eaeb pole, 
and wbal'ii their me ? 
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10. How many meridians are drawn opon the terrestrial 

globe, and why ? 

11. How may the difference of time he estimated by means 

of these meridians? 

12. What are the respective effects of travelling eastward 

and westward roun^ the earth ? 

13. What is Longitude, and where does the reckoning' of 

longitude commence ? 

14. What does the brazen circle in which the globe is 

hung, represent ; and what is its use ? 

15. How is the longitude of places ascertained on the gplobe? 

16. What is a Right Sphere, and where is that aspect of 

the heavens presented ? 

17. What is a Parallel Sphere, and where is it seen ? 

18. What is an Oblique Sphere, and where seen? 

19. What determines the elevation of the pole at any place? 

20. How may the elevation of the equator be found ? 

21. What is the simplest and easiest method of ascertaining 

the latitude of any place by celestial observations? 

22. What is the method , w ben greater accuracy is required ? 

23. How is longitude ascertained ? 



[It is thought needless to introduce questions on the 
Problems, as they so easily suggest their own questions. 
It is more convenient, also, for the teacher or learner to 
vary such questions at his own pleasure, and to adapt them 
to the present time and place.] 

CHAP. VII. 

1. Is the diurnal motion of the heavenly bodies from eaM 

to west the only motion which we may observe? 

2. What additional and peculiar motion has the mooo ? 
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3. How does it appear that the sun also changes his place 

in the heavens ? 

4. What is there iiirther to be observed in this motion of 

the sun towards the east? 

5. Why is he known to be on the equator on the 2l8t of 

March ; and what is this period called ? 

6. What is hb position on the 21st of Jane ; and what is 

that period called ? 

7. When is he again upon the eqaator ? 

8. When is he at the greatest distance soath of the 

equator P 

9. What term is employed to express the sun's distance 

northward or southward from the equator ? 

10. What was probably the first great problem which en- 

gaged the attention and exercised the ingenuity of 
astronomers ? 

11. What rendered it a matter of much difficulty to ascer- 

tain the sun^s path among the stars ? 
IS. Have we any records of this discovery ? 

13. How may we suppose the discovery to have been ac- 

complished P 

14. What is the sun's path called, and how is it divided P 

15. Repeat the signs of the ecliptic, and state the respec- 

tive days on which the sun enters them. 

16. Write their several symbols. 

17. What are the atcending^ and what the detcending signs, 

and why are they so called P 

18. How is each sig^ subdivided P 

19. What are those circles called which mark the extreme 

limits of the sun's declination ; and what is the 
meaning of the name P 

20. What other bodies besides the sun and moon have mo- 

tions peculiar to themselves P 



IM QUESTIONS FOR BXAMIMATXON^ 

91. DeterAe tbe motioM of the planets. 

32, Why are they termed Planets F 

9S» H«w many of tfaeni ara visiUe by tlie tiak«d eye» aad 
what are their names ? 

14. Within what limits are tfacilr vanderiAgs caHBoied f 

25. What name has been given to tfate region of tke planet- 
ary motions, and what is the moaning Of tke kilttns ? 

CHAP. VIII. 

1. How did the ancients account for these addttiOTial and 

peculiar motions of the sun, rnoon^ and planets ? 

2. In what order did they suppose the spborsa to be 

placed? 

3. Under whose name was tl|j« system of Astronomy 

established ? 

4. What singular and fanciful notion did Pytbagorai add 

to this doctrine ? 

5. What peculiar musical phraseology arose firom this 

doctrine? 

6. What flattering honour did the disciples of Pythagoras 

ascribe to their master in reference to this doctrine ? 
.7. What remark is said to have been made by AlphonsOi 
king of Castile, on the struoture of the wsrld ac- 
cording to the Ptolemeean system ? 

8. What system of Astronomy is now uniTersaUy re** 

ceived ? 

9. Who was Copernicus, and when did he live P 

10. When, and by whom^ is the same system said to hare 

been previously taught ? 

11. What is the order of the Copemican system ? 

12. Show by Fig. 6. how the sun's apparent metioa may 

be reconciled with this system. 
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13;. What sew mmii nove aoonrate notion may hence be 
formed of the Ecliptic ? 

CHAP. IX. 

1. What causes the obliquity of the sun's apparent path 

in the heavens ? 

2. What would life th^^^t^t, if the earth's axis were per- 

pendicular to the jflane of its orbit, as represented in 

Figr- 7 ? 

3. How much is the earth's axis inclined iVora the per- 

pendicular position, and what is the effect of this, 
as shown by Fig. 8f 

4. What is the position of the earth with respect to the 

sun in summer ; where is the sun then vertical ; 
and why have we then longer days than nights P 

5. Why is it that there is no night at that time within 

the north polar circle ? 

6. What is the position of the earth ib winter; where is 

the «un then vertical ; and why are the nights then 
longer than the days ? 

7. What is the position of the earth at the equinoxes, and 

wiiy are the day and night tben equal ia lengitfa ? 

8. In what part of the earth, are th^. day a and nights aN 

way a equal, and why? 

9. What is the durection of the earth'^ nsohitioB? 

10. In whttk:time is it periGbraned ? 

11. What is.the purpose of the Tnofpiea? 

12. What is that legioa called which they inelude? 

13. What ia the extent, and what the diameteristic of that 

region? 
14 What is tbepuipoie or useef the.Arotie and Antarctic 

Circles ? 
15. What name is given to those regions which, they in- 
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elude, and what is the characteristic of th<mc re- 

gfiODS ? 

16. How are the remaioini;' regions of the earth denomi- 
nated, and what is their breadth ? 

CHAP. X. 

(tueitimu preparatory to the ProUems. 

' 1. What is obserred of the Ecliptic, as drawn upon the 
terrestrial globe ? 

2. What is the use of the scale called the Analennna? 

3. What is the sun's true path over the surface of the 

earth f 

4. What is the meaning of the terms Latitude and Lon- 

gitude, as applied to the celestial globe ? p. 56. 

5. What is meant by the right ateention of a heavenly 

body f p. 57. 

6. What is represented by the wooden circle in the Pro- 

blems on the terrestrial globe ? p. 59. 

CHAP. XL 

1. How many days are there between the Vernal and the 

Autumnal Equinox ? 

2. How many between the Autumnal and the Vernal, and 

what is the difference ? 

3. Show, by means of Fig. 9, the pause of this difference. 

4. To whom are we indebted for this discovery f 

5. Does the earth more always with the same velocity ? 

6. In what part of its orbit does it move the fastest? 

7. When is the earth nearest the sun ? 

8. Show by the Figure what is meant by the eccentricity 

of the earth's orbit, and state the amount of it in 
English miles. 
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9. How much nearer is the earth to the sun in winter 
than in summer ? 

10; By what observations is this fact confirmed ? 

Hi Row then is the greater beat of the- weather in sum- 
mer to be accounted for ? 

12. By what remarkable law is the earth's motion in its 

orbit regulated ? 

13. Illustrate this by Fig. 10. 

14. Is this law peeuliar t<r the earth ? 

15. By whom was it discovered ? 

16. What is meant by the terms Perihelion and Aphelion ? 

17. What is the line of the Apsides ? 

18. What is the place of the earth's Aphelion? 

19. What is meant by the earth's, mean distance from the 

sun, and at what number, of miles is it estimated ? 

CHAP. XII. 

1. What is a solar day, and how long is it? 

2. What is a sidereal day, and how long is it? 

3. Why is the solar day longer than the sidereal ? 

4. Why is the sidereal day so called ? 

6. Is the solar day always of the same length ? 

6. What is the first cause of the unequal length of the 

solar days ? 

7. How is the length of tSe day afiected when the earth 

moves fiister than usual ? 

8. Whatisilie second cause? 

8. How is the length of the solar days afieoted when the 
sun is passing through Pisces and Aries, .and what 
ia the reason of this? 

10. How is their length affected, when the son is passing 

' through Gemini and Cancer, and what is the reason 7 

1 1 . What is meant by mean time P 

P 



170 QUESTIONS FOE EXAMINATION. 

12. What by apparent time? 

13. What is the efuaiion of time F 

14. How often, and at what times, would the clock and 

sun agree, according to the first of the causes aboye 
mentioned ? 

15. How often, and at what tiroes, would they agree, ac- 

cording to the other cause ? 

16. How are equation tables constructed ? 

17. On what days do the clock and sun actually agree ? 

18. What is the utmost difierence between them ? 

CHAP. XIII. 

1. What circumstance occasioned for a long time great 

perplexity in the computation of the year ? 

2. What people first attempted to determine the length of 

the year, and what was their first estimate P 

3. What was their next estimate ? 

4. What error arose from reckoning the year at 365 days 

only f . 

5. Who undertook to rectify this error, and how was it 

done? 

6. What name did the Romans give to that year in which 

the additional day was introduced, and why P 

7. What is it now called, and why ? 

8. By what name is this caldhdar distinguished ? 

9. What is the error of the J ulian calendar P 

10. Who undertook a further reformation of the calendar f 

11. What was the amount of the error in the time of Gre- 

gory? 

12. How was this error rectified, and what plan was 

adopted for preventing its recucrenceP 

13. By what name is this new reckoning distinguished? 

1 4. In what countries was the Gregorian calendar at first 

received ? 
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15. When was it first adopted in this country ? 

16. What was then the amount of the error, and how was 

it rectified ^ 

CHAP. XIV. 

1. What may he ohserred respecting^ the Signs of the 

Ecliptic, on inspecting a celestial glohe ? 

2. What is this owing to f 

3. How is this motion of the equinoctial points denomi- 

nated ? 

4. Illustrate the Precession of the Equinoxes by means 

of the celestial globe. 

5. At what rate do the equinoctial points recede ? 

6. What time will be required for their complete revolu- 

tion P 

7. What is meant by the Tropical Fear, and how long is It? 

8. What by the Sidereal Year^ and how long is it ? 

9. How does the precession of the equinoxes affect the 

situation of the stars f 

10. How far are the signs of the ecliptic now removed 

from the constellations from which they take their 
names ? 

11. How has Sir I. Newton availed himself of the pre- 

cession of the equinoxes for correcting ancient 
chronology ? 

12. Of what particular event has he by this means ascer- 

tained the date P 

CHAP. XV. 

1. Why did the moon attract at a very early period the 

attention of mankind ? 

2. How were the periods of new and full moon anciently 

celebrated ? 

p2 
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3. What diviaioD of time- acoae from the revolifttioii and 

chaogfes of the dioqd ? 

4. What is now known respecting the moon f 

5. What is meant by the Phases of the moon, and what 

may he inferred from them ? 

6. In what situation is the moon when i^heiaJDviailile? 

7. What is her situation when she .appears a half aioon? 

8. What is her situation at the full ? 

9. What is the length of the period between one new 

moon and the following ? 

10. What is this period called ? 

11. What is meant by the Periodical Month, and how long 

is it? 

12. Explain, by means of Fig. 12, the reason ofthiB differ- 

ence. 

13. What is meant by the term CanjunetumF 

14. — — ' Oppodtkn? 

16. — ^ Quadrature? 

16. Write the several symbols by which these situations 

are denoted. 

17. What is the line of the Syzygies ? 

18. What is the form of the moon^s orbit? 

19. Is the eccentricity of the orbit always the same ? 

20. How is it placed with respect to the earth's orbit, and 

how is this illustrated by Fig. 13? 

21. What are the moon's Nades^ and how are they distin- 

guished ? 

22. What alteration takes place in their position ? 

23. In what time does the moon revolve upon her axis, 

and what is the effect of this ? 

24. What is meant by the moon's lUration in knufkudeyWOLd 

how is it occasioned ? 

25. What is meant by the libraium in latitude^ and what is 

the cause of it ? 
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36. What 18 the moon's distance from the earth ? 

27. What is observed respecting the moon's path in space, 

and how is this illustrated ? 

28. What is the moon's diameter, and what proportion does 

her solid bulk bear to that of the earth ? 

29. What appearance does the moon present, when viewed 

through a telescope ? 

30. What appearances most decisively prove the existence 

of mountains and cavities in the moon? 

31. What is the estimated height of the lunar mountains? 

32. Is there reason to believe that the moon's surface is 

diversified with land and water, like the surface of 
the earth ? # 

CHAP. XVII. 

1. How were Eclipses formerly regarded ? 

2. How are eclipses of the sun occasioned, and in what 

situation of the moon do they happen ? 

3. How are eclipses of the moon occasioned, and in what 

situation of the moon do they happen ? 

4. Why is there not an eclipse both of the sun and moon 

every month ? 

5. Explain this more fully by means of Fig. 14, and show 

in what circumstances the conjunction or opposition 
of the moon must take place, in order to occasion an 
eclipse. 

6. What is the limit of the moon's distance from her node 

in 9olar eclipses ? 

7. What is the limit of the moon's distance from the node 

in hmar eclipses ? 

8. Which kind of eclipses happen most frequently, and 

why? 

9. Which kind are most frequently observed, and why ? 

p3 
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10. Shoit, by BMns t»f Figt. I5» liDw a iatal «felipe^ ^f Ibe 

Sim is obetsioned. 

11. What is the utmo«t brnddl of tke mb^B^s proper 

ihadow, when it &lb ofioti the earth P 

12. Show how an mmtdmr edipseis iMX»dia&^» 

18. Under what ctreuBMtaDedt dsas a salar edipfte itppett 
partudP 

14. What is the utm^it l>re»4«h of the ■mMm\i petivkttbra f 

15. What is the vsiial miniber of eohpsei ia the year, and 

why? 

16. What w the siaalteat poeribte ouadier t>f edipees in 

the ye%r, and why mast ifaey be selar edipses ? 

17. How may six eclipses happen within tbe year^ in the 

case when each node is presented only once to the 
sun, and of what kind will they be? 

18. How may diree edipses of each liunioary be produced 

ia the ceurse of the year? 

19. What is the grealest possible namherof edipses which 

th^ yeair oaa eomprehead, and why ? 

CHAP. XVIII. 

1. What is tbe chief agent in producing A« TWteif 

t. By "Whom Was the ^^aase bf the tidea fit«t dearty ex- 

^plained ? 
S. ftepeallKe pank;ularsoffai8eKp)aiHitk>n. See)>^gp.l6. 

4. At what intervals do the tides succeed each othet, and 

Why? 

5. 'Does the time of high water coindde wHh the^me of 

the ^^^do!^ eeming to ^aie teeHdiMs P 

6. Why is the sun's iufluence upqtfi the tideft feM than 

the tnoon^s ? 

7. What are the respective forces of the sun aa^ Inooo, 

iKitdt^kkg to Sir I. Ne^lon*s eftj^mrate f 
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B. What circumstances occasion the springy and neap 
tides, and bow of^ do tliey happen ? 

9. Why are the springs tides tbenweKes not always of tlie 
sameiiei^ht? 

10. At what period of i^e year do the h^best lides iiaf - 

pen, and why ? 

11. What circumstances affect Fery much both the Ireight 

of the tides, and the time of their happening'? 
13. In what kind of places do the lades nm highest, and 
how is this exemplified ? 

13. Why are the tides scarcely perceptible ia the Baltic 

and Mediterranean ? 

14. Why do the tides happen at various hours in different 

places? 
Id. What is the progress of the tides along the coasts sf 

Great Britain and Ireland ? 
y^. What jremarkable fact is stated respecting the tides ia 

the river Amazons ? 

CHAP. XIX. 

1. At what tate does tiM niOoii ■»«?« towards the €Mt? 

2. How niiich later vpon sn average doef she rise every 

successive day ? 
5. In what parts of «be wwrM k this vnifhiWly theater* 
ence in her time of rising P 

4. What variation from this rule takes plaiee hi ^i^ of 
^ oonsiderahle iatitttde ? 

5. To what is this owing? 

6. Row Men in the year do these riskigs of lh« mwm at 

nearly the same hour take place f 

7. WbM is Ihts ^enomensii most resaarked, asA ii4iy ? 
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tJHAP. XX. 

1. What is the sun's diameter ? 

2. How much does it exceed the earth in solid bulk ? 
'3. In what time does it revolve upon its axis ? 

4. How has this fact been ascertained ? 

5. What is the apparent time of the revolution of the 

spots, and why is it longer than the real time ? 

6. How is the sun's axis placed with respect to the 

earth's orbit ? 
'7. What is Dr. Herschel's opinion respecting the solar 
spots ? 

CHAP. XXI. 

1. What are the inferior planets, and why are they so 

called ? 

2. How does it appear that their orbits are included within 

that of the earth ? * ■ 

3. What is meant by their greatest elongation f 

4. Describe their apparent motions in the heavens. 
6. Explain these motions, by means of Fig. 17. 

6. What is meant by the terms inferior and superior con- 

junction ? 

7. 'What is the apparent form of an inferior planet, when 

viewed through a telescope ? 

8. What planet is nearest to the sun ? 

9. What is Mercury's greatest elongation ? 

10. What is his distance from the sun ? 

11. What is the time of his periodical revolution? 

12. What is his diameter ? 

13. What is his magnitude compared with the earth? 

14. How is his orbit placed with respect to the earth's 
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15. What. U the plftce of hih ascend mf node ? 

1^ What is meant by « traaaiit of ]Meroiiry, and under 

w,hat oirouoHilanoes does 'it happen:? 
17-. What pnoportioB of light and hoit ^aes he receive 

from the awi? 
18. What is the appeaimnoe of VennSi? 
Id. What is her greatest elongation i 

20. By what differant names was ishe kamm to the an- 

cients ? 

21. What is the time of her apparent re^hiifioB roand tfa» 

sun ? 

22. What is the time of her actual revcAuiion, and what is 

the reason of this dilQerenoe ? 

23. What is her distance from the son ? 

24. Her diameter ? 

25. What is the time of her diuruftl rotation ? 

26. How is her orbit placed with respect to the earth's ? 

CHAP, XXII. 

1. What is meant by the term Superior Planets ? 

2. What fact proves that their orbits include that of the 

earth ? 
X What are their apparent motions ? 

4. Explain these motions by means of Fig. 19» 

5. How many superior planets are there, ^ud what are 

their names ? 

6. How is Mars distinguished from all the other planets ? 

7. What is supposed to be the cause of tbis appearance ? 

8. When does he appear largest, and why ? 

9. What is his distance from the sun ? 

10. His diameter ? 

11. In what time does he revolve on his axis ? 
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12. In what time does he revolve round the sun ? 

13. How is his orbit placed with respect to the earth's orbit: 

14. How is his axis placed with respect to his own orbit ? 
16. What are the names of the four lately discovered plan- 
ets which revolve between Mars and Jupiter ? 

16. How long have they been discovered ? 

17. What are the respective diameters of Ceres and Pallas? 

18. In what respect are they remarkable ? 

19. What is the appearance of Jupiter? 

80. What is his diameter ? 

21. What is his distance from the sun, and the time of his 

annual revolution? 

22. What is the time of his diurnal rotation ? 

23. What is the consequence of this rapid motion on bia 

axis? 

24. How is his axis placed with respect to his orbit ? 

25. What is the inclination of his orbit to the plane of the 

ecliptic ? 

26. What remarkable appearance does he present, when 

seen through a telescope ? 

27. How many satellites has Jupiter ? 

28. By whom, and when, were these satellites discorered? 

29. What important purpose do their eclipses serve ? 

30. In what way is the longitude of a place found by 

means of these eclipses ? 

81. Why is this method not much used at sea ? 

32. What important fact has been ascertained by means of 

these eclipses ? 

33. What was formerly believed respecting the motion of 

light ? 

34. What difference is found in the times at which thffse 

eclipses are observed ? 
36. What Is inferred from this ? 
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a6. What is the Telocity of light ? (See the note, p. 121 .) 

37. What is the distance of Saturn from the sun, and the 

time of his periodic resolution ? 

38. What is his diameter, and his hulk compared with the 

earth? 

39. Id what time does he revoWe on his axis ? 

40. What is the inclination of his orbit to the plane of the 

ecliptic, and the place of the ascending node ? 

41. What singular appearance does this planet present 

when viewed through a telescope ? 

42. What are the dimensions of these rings ? 

43. In what respects does Saturn resemble Jupiter ? 

44. By how many satellites is Saturn attended, and how 

do tbey revoWe round him ? 

45. What is the most remote planet of the system, and 

when and by whom was it discovered ? 

46. What different names have been given to it ? 

47. What is its distance from the sun, and the time of its 

periodic revolution ? 

48. What is its diameter, and its relative magnitude ? 

49. How much is its orbit inclined to the plane of the eclip- 

tic? 

50. How many satellites attend this planet, and how are 

their orbits placed ? 

51. What is meant by the Helioeentrie Longitude of a pla- 

net ? 

52. What is meant by Geocentric Longitude P 

CHAP, xxiir. 

1. How may the distance of an inaccessible object be 

measured ? 

2. What is the base employed in ascertaining the distances 

of the heavenly bodies P 
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3.« Wbat i» . OMttDi by tbe P^raUax of a heareiily body, 
and wbaC U.the impart of tbe UsnA ? 

4. Illustrate this by Fig. 2:L 

5. Wbat ia tbeeffieatrof parallax ? 

6. In what situation of a beayenly body is tbe parallax 

greatest, and where. i% it. least ? 

7. Whiati fii the beavealy' bodies ha» libe greatest parallax, 

and^by:? 
8..£x{^laia.by £'ig. .2L. the method of ascertaining tbe 

moon's boriaontal panallaxv and* of caleulating by 

that means heridistence* 
9. By 'Wbilt meanb is.theiaun's pamllax ascertained ? 
iOu How, are liie . relative . distances of tbe planets known, 

independently of H>e parallax ? 
11* £xpUin by Wig: 2Sli the. method of determining the 

sun's patallax by the transit of Venus. 
12. How may the, magnitudes of the heavenly bodies be 

founds when their distances ane known ? 

CHAP. XXIV. 

1. What are the three laws of the planetary motions 

which are known by the name of Kepler^s Laws ? 

2. By whom were these laws further explained, and to 

what great principle were they reduced ? 

3. JSxplain by Fig. 23. what is meant by the composition 

of forces, 

4. How is the effect varied when one of the actinsr forces 

continually increases ? 

5. How does tbe force of graritation act upon falling 

bodies ? 

6. Explain by Fig. 24. the effect of this law in the case 

of a body projected horizontally. 
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7. By what two forces are the planets acted upon, and 

how are these forces denominated ? 
S. What would be the effect, if these forces were always 

exactly balanced ? 
9. What would be the effect, if either of them prevailed 

for a continuance ? 

10. Explain by Fig. 25. in what manner they modify and 
control each other's influence. 

11. By what law does the force of gravitation decrease? 

12. What, then, is the force of the earth's attraction upon 

the moon ? « 

13. How does it appear that the force which retains the 

moon in her orbit is the same with that which draws 
down falling bodies to the earth ? 

CHAP. XXV. 

' .1. How are comets distinguished from all the other hea- 
venly bodies ? 

2. In what manner do they revolve round the sun ? 

3. What number of comets have been observed and re- 

corded ? 
e 4. What is the only comet whose motions and times of 

Is appearance are known by calculation ? 

Ig 5. What comet was the most remarkable for its size, of 

all upon record, and what particulars are mentioned 
^ respecting it ? 

6. How does it appear that comets contain very little 

CHAP. XXVI. 

k 1. Why are the fixed stars so called, and with what limit- 

ations must the name be understood ? 

m 2. What number of stars is visible to the naked eye at 

one view ? 

Q 
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3. Wliat is the number in the whole starry sphere, that 

may be seen without the aid of a telescope ? 

4. What does the telescope enable us to dtscorer respect- 

ing the number of the stars ? 
6. What remarkable discoveries have been made on this 
subject by Dr. Herschel ? 

6. What is meant by the annual ptiraUax of a star, (see 

Fig*. 26.) and with what siKMiess has the attempt 
been made to ascertain it ? 

7. Why was it thought that doMe stars might afford a 

better means of solving this problem j and with what 
success has this method been attempted? (See 
Fig. 27.) 

8. Supposing the parallax of the nearest fixed star to be 

one second, what must be its distance ? 

9. What time would be required for light to travel that 

distance ? 
10. What conjectures may reasonably be fi!>rmed respecting* 
the nature and use of the stars ? 



THE END. 
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